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ABSTRACT 
 
For the 2016 Senior Design project, our team elected to design and construct a short-span 
pedestrian bridge for the 24th National Timber Bridge Design Competition. The competition was 
sponsored by the Southwest Mississippi RC&D council (SMRCD) of the Forest Products Society 
in association with the American Society of Civil Engineers. There were a number of different 
design and testing requirements to abide by, including both competition regulations as well as 
AASHTO guidelines pertaining to the construction of pedestrian bridges. [1] A great deal of 
diligence was taken to assure that our team performed well in the competition; every rule and 
regulation was carefully considered and designed to. [5] Throughout the course of this project our 
team was exposed to many aspects of a structural engineering project: an iterative design 
process, procurement coordination, and construction.  
 
The bridge performed really well during testing, deflecting a mere 7.58m, which was only about 
73% of the allowed deflection of 0.42”. This performance, along with other bridge 
characteristics, lead to the team placing 1st nationally in the competition. Furthermore, in order to 
contribute to the development of our surrounding community, we worked extensively with the 
Santa Clara County Parks to arrange a donation. Our hopes are to one-day encounter our finished 
product in a local park.   
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CHAPTER 1: Introduction 
 
 
1.1 Introduction and Competition Background 
The project consists of designing, constructing, and testing a pedestrian timber bridge for the 24th 
National Timber Bridge Design Competition (NTBDC). All ASCE and FPS school chapters are 
invited to participate. The competition is sponsored by the Southwest Mississippi RC&D 
Council (SMRCD), which promotes continued research in infrastructure development with a 
focus on sustainability and improving the quality of the built environment. The NTBDC began in 
1993 in an effort to promote the use of timber as a building material in the construction of short-
span bridges. The goal of the competition is to engage engineering students in structural analysis 
and design of wood structural members, thereby promoting the efficiency, sustainability, and 
affordability of timber. (National Timber Bridge Design Competition (NTBDC). [5] 
 
The purpose of this design competition is to bring attention to many of the defective bridges in 
rural America and present timber as an economical solution for their replacement. [5] Bridges are 
a vital part of the infrastructure in rural America, and investing time and research into developing 
cost-efficient and easy-to-install short-span Timber Bridge designs will not only help address the 
aforementioned problem of crumbling infrastructure, but will also help boost the local economy 
by means of facilitating use of local materials and labor. [5] Upon completion of the bridge, each 
entry will be judged on six different criteria, as listed below: 
 
• Best Overall Design 
• Best Support Structure 
• Best Deck 
• Most Practical Design 
• Most Aesthetic Design  
• Most Innovative Design 
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1.2 Project Justification and Objectives 
In response to the goals specified by the NTBDC (which can be read in Appendix C), our group 
wanted to create a tangible product that could highlight the many benefits of using timber in the 
construction of bridges. Thus, our first objective was to showcase timber as a cost-effective and 
sustainable building material. With its low carbon footprint, timber is a great option for 
development in rural areas where access to higher-strength materials such as steel and concrete is 
limited and requires significant financial and environmental expenditures due to transportation.[2]  
Timber is readily available in the vast majority of the rural US and if engineered properly can 
surpass other traditional materials in its structural performance. Ultimately, our first objective 
was for our bridge to serve as an example of how a bridge can be implemented and used as a 
solution for sustainable infrastructure development. 
 
Furthermore, our team saw this project as an opportunity to expand upon the competition 
requirements and design our bridge with an end-purpose in mind. Using the NTBDC as a guiding 
platform for design, our team then explored different options for implementation of the bridge 
upon completion of construction, and took respective technical and code constraints under 
consideration during the design phases. [5] [1] In order for any bridge to be placed in a community 
and installed on public land, the structure must comply with specific AASHTO regulations, 
which provide specifications on loading, dimensions, and many other parameters. [1] 
 
Lastly, endeavoring in a project that had both a design and construction component was an 
important factor in our choice. Our team wanted to accomplish a fully integrated Civil 
engineering project that encompassed almost every phase of completion (design, calculations, 
modeling, material procurement, construction, and implementation). This allowed us to better 
understand the processes that take place beyond completion of structural design; we were able to 
practice various organizational strategies that are required when developing a design for the 
community. Throughout this project our team really came to understand the role every trade 
plays in a civil engineering project.  We wore many different hats while completing this project 
and in sorts we became the architects, the engineers, the contractors, and the builders. This 
project was a true culmination of our four years of engineering education here at Santa Clara 
University. Embarking upon this project was a great experience and allowed our team to gain a 
tangible and deepening perspective of nearly every facet of a Civil Engineering project. 
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1.3 Key Resources 
The following documents were used extensively to develop a design that in compliance with 
both the NTBDC and the local code for public spaces.  
• 2016 24th National Timber Bridge Rules and Regulations Rules 
• 2009 AASHTO Guide Specifications for Design of Pedestrian Bridges  
• 2012 National Design Specification for Wood Construction  
 
1.4 Design Criteria 
The table below displays the design requirements and constraints specified by the competition 
for a qualified entry. 
 
Table 1:  NTBDC Design Requirements 
Span Limits 4.0-6.0m (~13-20 ft) 
Minimum Width 1.3m (4.3 ft) 
Maximum Bridge Deflection L/400 @ 20kN/hr  (4500 lb) 
Maximum Deck Deflection L/100 @ 20kN/hr  (4500 lb) 
Materials 75% Wood Minimum 
Maximum Member Length 3.2m (~10ft) 
 
 
The competition requirements were relied on heavily for brainstorming many of our different 
design possibilities. We needed to ensure that all possible designs followed the dimensional 
limits set by the competition organizers and that our bridge would perform within the deflection 
standards as well. [5] 
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CHAPTER 2: Design  
 
2.1 Design Process 
As is typical for any civil engineering project, the first step in developing our bridge design was 
gathering and studying the rules and regulations dictated by the Southwest Mississippi RC&D 
Council, organizers of the competition. This includes design parameters (minimum deck span, 
railing height, lower clearing height, etc.) as well as loading specifications (where to apply the 
specified loading and for how long). [5] In addition, in the event of a possible donation to a local 
Department of Parks and Recreation, we referenced the nationally recognized AASHTO Guide 
Specifications for Design of Pedestrian Bridges for loading requirements to be utilized in our 
calculations. [1] 
 
Once the design criteria were established, each team member developed an individual 
preliminary design with drawings, calculations, and computer models. One constant that was 
kept uniform in every design was the use of Redwood. Having a uniform design wood allowed 
each design to be directly compared. This wood type was chosen for all structural members to 
enhance the appearance of the bridge, and to facilitate with calculations due to the need to avoid 
pressure treated wood.  
 
First each design was drawn in AutoCAD with section and elevation views to display every 
component of the bridge. The members selected were also drawn to scale and dimensions were 
thus adjusted to accommodate iterations on member sizes (i.e. 2x8 vs. 2x6, etc.). Loading 
distributions were calculated by hand utilizing two separate loading conditions: competition 
loading (5kN applied in four defined locations for a total of 20kN), and AASHTO loading 
(distributed pedestrian live load of 90 psf, plus estimated dead loads). [5][1] An Excel spreadsheet 
was created to account for varying section geometries, thus aiding with the selection of member 
sizes based on deflection, bending moment, shear and axial loads. The selection was confirmed 
with TEDDS by Tekla, a program equipped with an extensive library of timber sections and all 
the information needed for an educated selection. 
 
Once all the truss members were designed, the bridge was modeled as a 2D frame in SAP2000. 
The decks were designed to withstand and properly transfer the loads to the truss (or subtruss) of 
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the bridge, but were not modeled in the program. The two loading cases were applied and run 
separately (to determine the worst case loading condition for each member), and deflection 
values were obtained.  
 
To assess the constructability of each design, scaled down models were created out of balsa 
wood. This step was instrumental in providing useful information regarding the difficulties that 
might have been encountered in construction, and in fact lead to a number of iterations in the 
three preliminary designs. 
 
Once each design reached its final stages, the team members exchanged calculations for a critical 
peer review. This step was deemed to be crucial to the integrity and reliability of each design, as 
many errors and inconsistencies were picked out and resolved prior to construction. After 
appropriate corrections were made and designs were finalized, a selection was made based on a 
weighted selection matrix (see Chapter 2). 
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2.2 Preliminary Design Descriptions 
A. Design 1: Modified Camelback Truss 
Innovation was a point of emphasis when beginning the initial design phase. In an attempt to 
design an aesthetically pleasing bridge an arch design was modeled. However, after a few 
iterations and further research the design was scaled back. A modified camelback truss was 
designed to mimic the curvature of the arch while still using straight members. Diagonal cross 
bracing members were used to support the camelback truss, and these diagonal members also 
served as a design aesthetic.   
 
 A basic supporting deck structure was designed (see Figure 1) with evenly spaced girders and 
beams. The deck was designed using basic hand calculations and loading distribution techniques, 
assuming a load path from beams to girders, then from the deck girders onto the truss.  All beam-
to-girder connections were conservatively taken as simple supports. In order to design the deck, 
both AASHTO loading specifications and the design competition’s specifications were used to 
obtain the most conservative design. [1] [5]   The beams were designed to carry all distributed 
loads as well as the competition point loads (each analyzed as a different load case). 
 
To begin the truss analysis, a model was drafted in SAP. Running the simulation yielded a 
deflection of 0.15”. The program also provided data on internal reactions developed in each 
member. This information was then inserted into a TEDDS wood beam analysis for the selection 
of a section according to acceptable yet efficient utilization rations provided by the program. 
 
This design was considered for its pleasing aesthetics; however the non-uniform, varying angles 
of the oblique members caused its constructability score to be the lowest. The group felt that in 
terms of constructability the camelback truss seemed to introduce some difficult connections and 
member angles.  
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Figure 1: Plan View for Design 1 
 
 
 
Figure 2. Elevation View for Design 1 
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 B. Design 2: Girder with Sub Truss  
The second design considered was a simple beam (girder) design with a truss located underneath 
the deck. This design began as a simple beam design with (4x12) members connected to interior 
(4x6) members, which were strategically located to provide maximum support for the 20kN 
competition loading. [5] Both the (4x6) and (4x12) members were evaluated assuming a 
maximum contribution of load in order to provide for any imperfections in the physical members 
and errors in construction. When all of these factors were considered the demand-capacity ratios 
of the members averaged about 0.20. However, it became evident during the 2-D modeling 
portion of the design that the absence of a truss put a substantial amount of load on the 6”x6” 
column members. In order to relieve some of the column load, a truss was added beneath the 
(4x12) members. The members of the truss were sized using input data from a SAP2000 
simulation as well as the TEDDS wood beam analysis software. 
 
The connections for all members of the bridge were assumed to be simple connections to 
eliminate the use of fastener plates in order to reduce the overall weight of the bridge. This 
would also help the entry by ensuring that at least 75% of the materials used in the construction 
of the bridge were timber. 
 
Ultimately, the simple beam (girder) and truss design was considered for its assumed ease of 
construction and lack of complicated connection design. However, our team considered that the 
lack of aesthetics during the process of selection was the biggest detractor of the bridge design, 
which is why it was ultimately not selected. 
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Figure 3: Plan View for Design 2 
 
 
 
 
Figure 4. Elevation View for Design 2 
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 C. Design 3: Pratt Truss with Cables 
The third and final design explored in this phase of the project was a modified Pratt Truss with 
cables in lieu of vertical members. This choice was the result of a few iterations that stemmed 
from an original Hip Truss geometry that was determined to be unsuited for the scope of the 
project. The design process detailed earlier in this document was utilized for the development of 
this design, with a constant interaction between all the drafting and analysis programs. As 
designs were modified in AutoCAD, values were changed in SAP2000 and therefore the TEDDS 
and Excel outputs changed accordingly. The final draft of the design performed quite well in 
both the AASHTO distributed loading and the competition point loads, with the lowest 
deflection amongst the three designs (0.10in). [1] [5] The choice of cables as the main tension 
members was primarily for aesthetics, rendering the side view of the truss interesting and 
diverse. Although the use of cables might have presented a challenge during the assessment of 
connection design, the Pratt Truss was ranked highest overall for constructability given the 
uniformity of oblique members (all 45°). The resulting bridge is quite lean and aesthetically 
pleasing, with the biggest section being a (4x8), and placement of members optimized through 
various iterations on Structural Analysis programs.  
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Figure 5: Plan View for Design 3 
 
 
 
Figure 6. Elevation for Design 3 
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2.3 Selection Matrix 
Eight categories were included in the Selection Matrix based on their relevance and overall 
contribution to competition success. The relative point assignments were determined based on 
their importance to the overall Senior Design mission and competition goal. Following this, all 
group members worked together to determine what score each design deserved in each category. 
To award points our team went through each category and assigned an allotted point value for 
each design. This was based on the anticipated performance outcome for that design, as well as 
the pros and cons of each design. Each point value given was agreed upon as a team. After this 
was done, the scores were added together and the design with the highest score was selected to 
move forward into the construction phase. 
 
Table 2. Selection Matrix Used To Determine Final Design 
Scoring Criteria Max. Score 
Design 1: 
Camelback 
Truss 
Design 2: 
Girder w/ 
Sub-Truss 
Design 3: 
Pratt Truss 
w/ Cables 
Net Deflection 20 18 10 20 
Constructability 20 11 11 15 
Economy 20 13 15 11 
Aesthetics 10 6 4 10 
Ease of Connection Design 10 4 8 5 
Reliability of Calculations 10 6 6 6 
Ease of Connection 
Procurement 5 4 5 4 
Percent Wood 5 3 3 3 
Total 100 65 62 74 
 
Design 3 had the highest score (74/100) compared to the other two designs, therefore it was 
determined that, moving forward, all team efforts would be focused on the perfecting of the Pratt 
Truss with Cable. 
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2.4 Final Design: Pratt Truss with Cables 
As mentioned above, our team elected to design and build a Pratt Truss based on expected 
performance levels under various loading criteria with respect to bridge deflection, as well as 
many other criteria listed in the selection matrix. As indicated below in Figure 7, the main 
oblique members are (2x6) sections, with (2x4) compression members to aid with stability as 
well as lateral bracing. Instead of having the interior truss members (2x4) frame into the main 
oblique sections (2x6), we chose to span them the full length behind the oblique members to 
maximize stiffness and ease of construction. This allowed for the truss to utilize the entire length 
of both the oblique (2x6) members and the interior supporting (2x4) members. 
 
 
 
Figure 7. Pratt Truss Dimensioning and Specs 
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Figure 8. showcases the symmetrical geometry of the deck, designed for ease of construction as 
well as load path calculations. The deck is composed of (2x4) and (2x8) longitudinal members 
spanning five transverse girders (2x8) and (4x8), which frame into the bottom chord of the 
trusses at even intervals. The deck is the primary gravity system, thus all members were 
connected using standard galvanized steel hangers (see Appendix D for Simpson Strong Tie 
specs).  
 
The five transverse girders frame intentionally into important joints in the truss’s bottom chord. 
These joints are critical not only for proper transfer of load from the deck to the side trusses, but 
also from truss member to truss member. Thus, it was deemed extremely important to dedicate 
extra time and effort to the design of the connections that would hold the truss together. Chapter 
2, Section 2.5 provides detailed information of this specific design process. 
 
 
Figure 8: Deck design with Specs and Connections  
 
 
 
15  
2.5 Truss Plate Design 
Upon completing all member designs, the team proceeded to ensure appropriate connections 
were selected for both the deck and the truss. As mentioned above, the deck made use of a 
variety of steel hangers, while the truss provided five critical joints that had to be properly 
fastened. Selecting the truss connections proved to be an engineering feat in itself. Studying 
SCU’s last entry into the competition (in 2014), it became quite clear that the excessive 
deflection of the bridge (which ultimately caused their disqualification) was caused by 
inadequate truss plates used to join the various truss members. If a bridge is only as strong as its 
connections, then it becomes imperative to dedicate a serious amount of time and effort to the 
design of the connectors. Thus, our team began researching options for the assembly of the 
trusses. Three main systems were considered in the search: through-bolts, truss connector plates, 
and T/L plates. These are displayed below:  
 
 
     
(a)     (b)    (c) 
Figure 9: Truss Connection Options: (a) Though-Bolts; (b) SST Truss Connector Plates;  
(c) SST T (& L) plates 
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The first two options were quickly eliminated: through-bolts would have caused interference 
with the deck members framing into the bottom chord, and the truss connector plates 
manufactured by Simpson Strong Tie required hydraulic fastening equipment that the Structures 
lab lacked. Standard steel plates, fastened with Strong Drive Screws, posed to be our best bet. 
However, the standard T and L plates available on the market were unsuited for the geometry of 
our truss (which incorporated a series of 45° angles). Thus, we began working with Simpson 
Strong Tie engineers to develop a custom design for our connections. The team performed some 
basic calculations to determine the numbers of ¼” SD Screws (SDS25112) required to 
adequately support and transfer all the forces seen in each of the five joints. [6] Once the 
structural calculations were completed, the geometry of the plates were developed, taking into 
account the required Screw-hole diameter (0.281” for a ¼” screw), end, edge distances, and plate 
thickness (3Ga for our project). The drawings were sent to Simpson Strong Tie technicians on a 
.dxf file (AutoCAD) for fabrication.  
 
 
Figure 10: Custom Designed Truss Steel Plates 
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2.6 Cable Design 
The use of steel cables as the vertical members in the Modified Pratt Truss was the result of an 
effort on our behalf to develop a unique design. Not only do the cables contribute to the aesthetic 
quality and intrigue of the bridge, but they also function as a significant structural component of 
the truss. 
 
Cables perform great in tension, so they were placed along the truss in the locations expected to 
experience the highest tension demands. They were also expected to aid with the distribution of 
load and the reduction of deflection of the bridge.  
 
Furthermore, the geometry of a traditional 
Pratt truss creates significant “diamond-
shaped” gaps that could prove to be a 
significant safety hazard if implemented in a 
public space (i.e. small children falling 
through the opening). The cables help reduce 
said opening, thus acting as a safety measure 
in our design. 
Figure 11. Tensioned Cable Installation        
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While selecting the cables with appropriate tension capacity was fairly simple and 
straightforward (we utilized 3/16” stainless steel cables), installing and tensioning them proved 
to be a challenge in itself. Upon researching standard installation methods, we opted to utilize ½” 
diameter eye-bolts through the top and bottom chords of the truss, and two sets of thimble and 
six clamps per cable. We initially thought of using turnbuckles as the main tensioning device, 
however the typical turnbuckle length greatly reduced the amount of cable exposed, therefore 
hindering the aesthetics of the truss. We thus decided to tension the cables by first fastening them 
taught with the top eye-bolt recessed about 2 inches, and then tightening them with a wrench 
until the eye of the eye-bolt hit the top chord. The final result is displayed in the image below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12. Stainless Steel Cables as Vertical Members 
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CHAPTER 3: Procurement 
 
3.1 Material Procurement  
Procurement posed to be a time-intensive, but rather educational endeavor. A great deal of 
research was required in order to make informed and economical purchases.  
 
 
 A. Timber 
The first material procured was the timber. The competition required that the bridge be 
composed of 75% wood, thus selecting the type and quantity of our members was a natural 
starting point.[5] Our team chose Select Heart Redwood, both for its structural performance and 
its naturally high resistance to weathering and insects. The redwood was purchased from a local 
supplier, Pine Cone Lumber. The redwood purchased was heartwood (which is the denser, 
stronger portion of the trunk). However, due to limitations on budget, we elected to accept any 
degree of knots present in the members, a decision which might have affected the structural 
performance of the bridge during testing. This is mainly due to the fact that knots, while 
inevitable in most trees, represent an irregularity in the material that causes stress concentrations 
when the member is loaded. To account for these irregularities, appropriate factors of safety were 
incorporated in the structural calculations. As a measure of quality assurance, the team elected to 
outsource the cutting of the members. The sawing instruments available in the lab, as well as the 
skill level of the team members, were no match for the industrial machinery routinely used by 
lumber yards. For a small additional fee, Pine Cone Lumber cut all the deck members perfectly 
to size. The truss members were cut by Pine Cone Lumber at 90⁰ angles at a predetermined 
“buffer” length, then cut in the lab with a Miter Saw at 45⁰ angles, per the design.  
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B. Steel Connections 
The second step for procurement was acquiring connections.  In the early stages of design our 
team contacted Simpson Strong Tie to inquire about a potential partnership. Simpson Strong Tie 
was more than willing and proved to be a great contact. Simpson Strong Tie agreed to donate any 
of their respective fasteners (as needed) in exchange for the chance to engage in an outreach 
opportunity with engineering students. 
 
The deck connections were the first to be requested, as they were relatively easy to get. We 
selected standard galvanized LUS hangers, which varied in size depending on the members that 
were being hung in them. Galvanized metal is the basic treatment offered by Simpson Strong 
Tie; there are many different levels of corrosion resistance that can be applied to the connections, 
however additional treatments require a significantly longer lead time to delivery (as they are, 
indeed, premium treatments).[6]Furthermore, the lack of knowledge of the exact end location of 
the finished project prohibited us from actively seeking out a specific treatment. The table below 
displays the LUS hanger used for each deck member, along with the size of fastener required. All 
fasteners were chosen as Hot Dipped Galvanized (HDG) nails, in order to prevent corrosion due 
to exposure. [6] 
 
Table 3. Deck Connections 
DECK CNXN's Dim. Model and Fastener Size 
Simple Beam 2x4 LU24 (4-16d & 2-10d*1.5) 
Loaded Beam 2x8 LUS26 (4-10d & 4-10d) 
Outer Girder 2x8 LUS26 (4-10d & 4-10d) 
Inner Girder 4x8 LUS46 (4-16d & 4-16d) 
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As mentioned in Section 2.5, the 3Ga steel truss plates used as connections for the truss members 
were designed by our team and then fabricated by Simpson Strong Tie (the final product is 
shown in Figure 13). They were 
delivered promptly along with the 
appropriate fasteners (¼” SD 
Screws). After reanalyzing the 
design, and speculating on the 
issues regarding cable installation 
(specifically drilling a hole for the 
eye-bolt through the center, most 
critical truss joint) our team 
elected to design two additional 
plates that would act both as a 
washer to the eye-bolt and an 
additional tie between the two 
bottom chords. These plates are 
shown in Figure 14.   
Figure 13: Custom Truss Plate, Bottom Chord 
 
 
 
 
 
Figure 14: Bottom “Washer” Plate 
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 C. Decking and Curb 
 In order to enhance the durability of the decking (as well as its looks), our team opted for a 
composite lumber. The chosen product was Veranda Recycled Plastic Lumber, a wood 
composite material made from recycled plastic, wood fibers, and sawdust. [7] There is a plastic 
coating on the top of each member that serves 
as a great natural barrier to moisture, mildew 
and insects, making it more durable and 
requiring less maintenance than virgin 
timber.[3] Due to its high percentage of 
recycled components, this was a very 
sustainable option for our decking. Finally, 
four 7’ long, 2x4 Douglas Fir-Larch (DF-L) 
members were used as the curb. 
Figure 15: Veranda Armorguard Decking 
 
 
 
 
 
 
 
 
 
 
 
Figure 16: Finished Decking with DF-L Curb 
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3.2 Cost and Material Breakdown 
Table 4: Itemized Bridge Material Inventory 
Materials  Quantity  Total Weight (lb)  
Deck        
Redwood (Untreated- Select Heart) 
Support Deck 2x4 16 44.8 
Redwood (Untreated- Select Heart) 
Support Deck 2x8 2 20.42 
Redwood (Untreated- Select Heart) 
Support Deck 4x8 12 43.16 
Redwood Curb (14ft)  2 29 
Recycled Plastic Lumber (5'6") 31 374.4 
Galvanized LUS 24 Hangers 16 1.92 
Galvanized LUS 26 Hangers 16 4 
Galvanized LUS 42 Hangers 16 5.6 
Galvanized 10D Common Nails    3 
Truss      
Redwood (Untreated- Select Heart) 
Support Deck 2x4 8 42.04 
Redwood (Untreated- Select Heart) 
Support Deck 2x6 8 72.8 
Redwood (Untreated- Select Heart) 
Support Deck 4x6 2 91.34 
Redwood (Untreated- Select Heart) 
Support Deck 4x8  4 140.36 
Center Galvanized Steel Truss Plates  2 20.4 
Quarter Galvanized Steel Truss Plates 4 28.8 
Corner Galvanized Steel Truss Plates  4 19.8 
1/4” SD Screws  (SDS25112)   10 
Cables      
Stainless Steel Cable (4ft)  6 2.2 
Eye Bolts  12 7.2 
Thimbles  12 4 
Clamps  36 2 
Total   967.24 
Percent Wood    89.51% 
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Table 5: Itemized Bridge Material Cost 
Item Estimated Cost Amount Paid Supplier 
Deck Lumber   $           401.53   $          401.53  Pine Cone Lumber 
Veranda RPL Decking  $           380.45   $          380.45  Home Depot  
Truss Lumber   $           588.52   $          588.52  Pine Cone Lumber 
Cables   $             91.34   $            91.34  Home Depot 
Nails/Fasteners   $             18.78   $            18.78  Lowes 
Galvanized LUS 24 Hangers  $            27.00   DONATED   Simpson Strong Tie 
Galvanized LUS 26 Hangers  $            27.00   DONATED   Simpson Strong Tie 
Galvanized LUS 42Hangers  $            37.00   DONATED   Simpson Strong Tie 
Center Galvanized Steel Truss Plates   $          180.00   DONATED   Simpson Strong Tie 
Quarter Galvanized Steel Truss Plates  $          100.00   DONATED   Simpson Strong Tie 
Corner Galvanized Steel Truss Plates   $          720.00   DONATED   Simpson Strong Tie 
Office Materials/ Project supplies   $             83.52   $            83.52  Michael's  
 Braces/ Supports/ additional Fasteners    $           157.12   $          152.12  Home Depot  
 Net Cost   $        2,812.26   $       1,721.26    
 
 
 
Table 6: Overall Cost Breakdown 
Cost Break down  $ 
Funding Requested to Undergraduate Programs  1900.75  
Funding Received from Undergraduate Programs   1500  
Out-of-Pocket Team expenses  221.26  
Estimated Donation Value (Why not the full cost?)  1091  
Total Net Cost   1721.26  
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CHAPTER 4: Construction 
 
4.1 Construction Schedule 
The construction of the bridge commenced on March 18, 2016 and was completed on April 8, 
2016. A detailed construction scheduled is displayed below. 
 
Table 7: Detailed Construction Schedule 
Activity Start Date End Date Total Days 
Clear SCU Lab Workspace 18-Mar-16 25-Mar-16 8 
Layout Truss Members 25-Mar-16 28-Mar-16 4 
Join Truss Members 28-Mar-16 30-Mar-16 3 
Layout Cables 30-Mar-16 31-Mar-16 2 
Install Cables 31-Mar-16 31-Mar-16 1 
Layout Subdeck 1-Apr-16 2-Apr-16 2 
Install Subdeck 2-Apr-16 4-Apr-16 3 
Join Truss and Subdeck 4-Apr-16 4-Apr-16 1 
Install RPL Decking 5-Apr-16 7-Apr-16 3 
Install Curb 7-Apr-16 8-Apr-16 2 
 
Throughout the fall and winter months of 2015-16, the team began worked in conjunction with 
Brent Woodcock (Structures Lab Manager) to organize all necessary workspace and training for 
team members. Our group had virtually no experience with timber construction of this scale and 
we relied heavily on Brent’s guidance and advice throughout the training process in order to 
learn how to use all necessary tools in a safe and correct manner. We received training on tools 
needed to complete our bridge, including the miter saw, table saw, impact wrench, and electric 
grinder. 
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4.2 Construction Procedure 
 
The first step in construction included the 
procurement of all necessary truss and deck members 
as well as the custom-fabricated truss plates from 
SST. The miter saw was used to cut 45 degree angles 
in the (2x6) redwood truss members, allowing them 
to frame in properly to the top and bottom chords of 
the truss. Following this step, the plates were 
fastened to the truss using the SD screws, which were 
installed using the impact wrench. The secondary 
(2x4) truss members were then installed using L-
shaped brackets and a power drill.  
 
 
 
Figure 17: Truss Connection Plates Installation 
 
 
 
 
 
 
 
 
 
 
 
 
                                    
Figure 18: Completed Trusses with Cables 
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Next, the holes for the cable eye-bolts were drilled 
in the three locations along the top and bottom 
chord of the truss. For each cable member, the 
bottom eye-bolt was first installed in the bottom 
chord and then the cable was run and secured to 
each set of thimbles and clamps. After this, the 
top eye-bolt was installed to a level where there 
was a noticeable amount of slack in the cable. The 
top eye-bolt was then raised by hand to a level 
where the cable was taught and would perform 
well under competition conditions. [5] In order to 
ensure uniformity in the cable installation we had 
the same two team members install all six cables.  
F
F
Figure 19: Cable Tensioning 
 
 
Figure 20: Shearing of Extra Bolt Length 
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Upon completion of the truss members, our attention 
turned to the installation of the sub-deck component. We 
used HDG nails to install all of the LUS hangers into the 
Redwood members and then connected each of the 
trusses to the sub-deck using the LUS24 and LUS26 
hangers. In order to install each hanger in the correct 
space our group laid out each connection member in the 
final installation spot and then nailed in the connection 
hanger to ensure uniformity in our final product. 
 
 
 
Figure 21: Girder Alignment for Hanger Installation 
 
 
 
 
Figure 22: Completed Deck Structure 
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The recycled plastic lumber decking and (2x4) curb members were the last items installed. The 
deck members were fastened along the transverse girder members with wood screws. Both the 
deck members and the curb required the use of a power drill.   
 
 
 
Figure 23: Installation of Veranda Decking 
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CHAPTER 5: Testing and Results 
 
5.1 Bridge Testing 
 A. Testing Setup 
In order to test the bridge’s performance and obtain a deflection value, the bridge was to be 
loaded with a total of 20kN over the span of an hour. The National Timber Bridge Design 
Competition provided a detailed schematic of the required loading setup, with the goal being the 
transfer of load to the deck structure via four points, represented by loading blocks. [5] These 
blocks are spaced 1.0m longitudinally, and 0.6m in the transverse direction. This specific loading 
configuration was intended to mimic the presence of a service vehicle held idle on the bridge for 
an extended period of time. 
 
 
 
 
 
 
 
 
Figure 24: NTBDC Test Set-Up 
 
All deflections that occurred during loading were recorded by four gages (placed in the locations 
displayed in Figure 25).  The “Bridge Gauge” was intended to record overall deflections in the 
bridge, governed by the limit of “L/400” (where L =longitudinal length). The other three gauges 
(one directly under a loading block, and the other two on either side) were utilized to achieve an 
average of the deck deflection, limited by “L/100” (where L = bridge width). [5] 
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Figure 25: Loading Diagram (in Compliance with NTBDC) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 26: Loading Configuration Achieved in Lab 
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 B. Loading Procedure 
To load our bridge to the competition standards our team elected to use bags of sand. The 
competition specified that the bridge was to be loaded in four 5kN increments with the maximum 
load of 20kN to be achieved within 20 min. [5] In order to conduct loading in the most effective 
way, our group purchased 90 bags of sand. Each bag contained approximately 50lbs of sand. 
After the sand was delivered to the SCU Civil Engineering Lab, a forklift was used to lift the 
sand as close to the bridge as possible. The sand was then hand loaded onto the actual testing 
apparatus. For each 5kN load increment there were approximately 22 sandbags loaded during the 
5-minute window. After all sand bags were loaded the final sustained 20kN load was applied to 
the bridge for the duration of one hour.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27: Loaded Bridge 
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5.2 Testing Performance 
The readings recorded by the four gauges were reported in a table, in which a series of 
computations delivered final deflections for the deck and the bridge overall. 
 
Table 8: Gauge Readings and Deflection Values (mm) 
 
 
During testing, the gross deck gauge unfortunately slipped out of plane from under the support 
(due likely to the amount of load). This slip occurred after the full 20kN was applied, sometime 
before the 15min mark. We attribute this error to the tricky placement of the apparatus, out of 
reach and not easily accessible for secure installation. Once the problem was noticed, the gage 
was reset to zero in order to detect the gradual deflection over the next ~30min.  
Numerical adjustments were performed, as is demonstrated in the following table and linear 
regression plot. 
 
 
  
Bridge 
(L/400) Deck                                                                                (L/100) 
Loading 
Increment 
BRIDGE 
Gauge 
Beam 
LEFT 
Beam 
RIGHT 
Average 
(L & R) 
GROSS 
Deck 
Net Deck      
(Gross -Ave) 
5 kN 2.18 2.41 1.71 2.06 3.58 1.52 
10 kN 3.96 4.11 3.07 3.59 6.68 3.09 
15 kN 5.57 5.62 4.79 5.20 8.52 3.31 
20 kN – 0 min. 7.21 7.17 6.37 6.77 9.01 2.25 
20 kN – 15 min. 7.38 7.30 6.47 6.88 9.03 2.15 
20 kN – 30 min. 7.48 7.39 6.56 6.98 9.07 2.10 
20 kN –45 min. 7.54 7.44 6.60 7.02 9.14 2.12 
20 kN – 60 min. 7.58 7.48 6.65 7.07 9.23 2.17 
D/C ratio  0.73   0.13 
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Figure 28: Curve Fitting to Facilitate Interpolation 
 
 
Table 9: Interpolation and Deflection Estimates 
Time (min) Estimated Trend 
Normalized 
Trend 
Approx. 
Deflection 
0 -0.06 0.00 9.01 
15 -0.04 0.02 9.03 
30 0.00 0.06 9.07 
45 0.07 0.13 9.14 
60 0.16 0.22 9.23 
 
Regardless of this minor recording error during testing, our design performed extremely well in 
terms of both bridge and net deck deflection. The final bridge deflection was 7.58mm, while the 
final deck defection was 9.23mm. Our demand-capacity ratio was 0.73, demonstrating adequate 
behavior under loading while still utilizing all members in a safe and effective manner. 
Our team was very satisfied with the results and the structural integrity of all members remained 
intact throughout loading. The loading of our bridge proved to be quite successful. 
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CHAPTER 6: Conclusion 
 
6.1 Competition Results 
The NTBDC is an online competition, meaning even though all bridges are designed and built to 
scale they are not judged in person. Each team after completing a detailed test is responsible for 
recording deflection results and material lists, taking photos, and providing descriptions. [5] All of 
these elements are then compiled in one online PowerPoint submittal and one hardcopy form. 
The final submittal was to be emailed and postmarked by April 15th with the results projected to 
come out May 6th. Seven different schools from across the nation entered the 24th annual timber 
bridge competition.  
Table 20: Competition Results 
 
Our bridge proved to perform outstandingly in the 
competition, taking the first place prize in best overall 
design. Our team was very pleased with the results. The 
fact that our bridge placed 3rd or better in every single 
category speaks volumes for our overarching attention to 
detail. Our overall performance really emphasizes and 
reiterates the level of detailed consideration that was put 
into every element of the bridge.  In addition, to best 
overall design our team received the award for best 
aesthetic design and best deck. These awards speak to the level of innovation and creativity 
captured in our final bridge design.  
 
The majority of other participating teams have three to four times as many members as our team 
with both graduate and undergraduate students. Having a team only comprised of three 
undergraduate students speaks for the level of dedication that each member put forth for this 
project. Our performance speaks to our attention to detail and emphasis on all aspects of the 
competition and design.  
 
 
 Best Overall Design  1st  
Most Aesthetic Design 1st  
Best Deck  1st  
Most Practical Design 2nd  
Most Innovative Design  2nd  
Best Support Structure  3rd  
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6.2 Donation Process and Future Implementation 
Ultimately, our team agreed that an important element of our project was for our bridge to have 
an end life and an impactful purpose.  Our team began researching possible municipalities to 
donate our bridge to and came across The Santa Clara County Parks. The Santa Clara County 
Parks is responsible for management and upkeep of all trails and trail bridges within Santa Clara 
County.  Our team met with the Santa Clara County Parks in November and agreed to a mutual 
partnership. The caveat to this partnership was that our team still needed to design to and follow 
the competition rules and requirements. [5] Our team did our best though to not only design to the 
competition standards but also national and regional pedestrian bridge standards. [5] [1] Thus we 
attempted to meet as many of the requests and regulations that the Santa Clara County Parks 
typically abides by. In addition to the competition loading standards our bridge was also 
designed to the AASHTO pedestrian bridge standards. AASHTO specifies distributive load 
requirements that all service pedestrian bridges are to abide to. [1] When comparing the member 
stresses in both the competition loading standards and AASHTO loading, the 
competition actually proved to be more stringent, thus governing the design in the end. [5] [1] The 
Santa Clara County Parks attempts to minimize any pollutants in water supplies thus all lumber 
is to be untreated to ensure that sealants do not get into local water supplies. Our team made sure 
to comply with this standard and used only untreated Redwood when constructing our bridge.  
 
There were other requests that our team simply could not meet, such as complying to equestrian 
standards, and maximizing the length and width of our bridge. These requests proved to be 
infeasible to fit into our scope due to time and space constraints. The park association recognized 
our limited resources and agreed to make any modifications that it sought necessary to 
implement the bridge.  
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Figure 29: Bridge Loaded on Santa Clara County Parks Trailer 
 
Our team finished constructing and testing on April 8th and the Santa Clara Parks came to pick 
up our bridge on April 12th.  Our bridge is now the official property of The Santa Clara County 
Parks and it currently resides in their yard. The Santa Clara County Parks plans on implementing 
our bridge on a recreation trail in the months to come.   
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6.3 Improvement Opportunities 
Our team attributes a lot of our success to thoughtful planning and organization. Our team began 
our project in early fall and worked diligently to stay on schedule throughout the duration of the 
project. 
 
One aspect that could have used some adjustment after seeing our bridge built was the stability 
of the truss.  Our team would have considered alternative supporting mechanisms to improve 
lateral stability of the top truss members. In addition to this, a 1/4 scale mockup would have also 
been very beneficial with respect to the constructability of the bridge.  
 
Looking back on our project we realized that in the design phase our team could have considered 
the practicality of use more extensively. Since we did not know the end location or the final 
application of our bridge, it was difficult to incorporate usability into the design. Confirming an 
end location and use before embarking upon the project would have helped our team understand 
our scope better and design a product that was more user-friendly.  
 
During the procurement process, there could have been greater emphasis on choosing weathering 
protection. Our connections and fasteners were coated with standard weather resistance. Had our 
group known the end use of our bridge, specific resistance agents would have been purchased. 
Additionally, a few design elements such as exposed bolt edges, could have been mitigated to 
improve safety and the overall usability.  
 
One unique element of the project was the fact that our team was the architect, the engineer, the 
contractor and the builder. Planning was key, and being able to prioritize and manage our time 
was crucial for the success of this project. Like many projects our project had a deadline and a 
budget. Both of these things were critical design concerns and affected how our team went about 
designing and constructing our bridge. Our team was very cautious about how we spent money 
and utilized resources. Our major objective throughout procurement was to choose sustainable 
and reliable products. This governed many of our material selections and was ultimately the 
reason why we went with a locally sourced timber supplier and a Recycled Plastic Lumber deck.  
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Ultimately the competition results speak volumes for our attention to detail and prioritization of 
every design category. From the beginning our team wanted to produce a wholesome product. 
The fact that our bridge received 3rd or better in every design category represents the level of 
detail and careful consideration that was put into all elements of the bridge. 
 
6.4 Conclusions 
Overall, our team really enjoyed participating in the National Timber Bridge Design 
Competition. We received plenty of positive feedback and guidance from faculty, professionals, 
and fellow students. We ultimately found it truly rewarding to produce a tangible finished 
product. This project also proved to be very beneficial and a great learning experience because of 
our exposure to many different aspects of a civil engineering project.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 30: Completed Bridge with Team  
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   Santa Clara University 
Department of Civil Engineering 
12/2/2015 
 
 
 
Team Members: Marie McNamara 
     Andrew Porter 
     Martina Sbicca 
 
Project Advisors: Tracy Abbott, Michael Loomis 
 
 
Dear Santa Clara Civil Engineering Department, 
 
Thank you for the opportunity to submit a Proposal for our team’s Senior Design Project.  
 
Santa Clara University and the School of Engineering strive to support academic 
achievement that promotes innovative thinking with Conscience, Competence, and Compassion. 
Our project intends to fully and effectively uphold this mission. 
Our team is proposing to design and construct a Pedestrian Timber Bridge for the 24
th
 
National Timber Bridge Design Competition organized by the Southwest Mississippi Resource 
Conservation and Development. This competition focuses on sustainable and modern bridge 
design in response to the dozens of short-span bridge failures that occur every year in rural 
America. As a participant, our design and research will be documented and archived in order to 
help promote the study of sustainable bridge design. Our objective is to build an economical 
bridge that will promote frugal timber design.  
 
Enclosed you will find all relevant project information and other necessary project-
related material. If you have any questions or concerns about materials contained in the enclosed 
package please feel free to contact any one of the members of our team immediately. We look 
forward to moving forward with the department at this time, and would like to thank you for the 
continued support on the project. 
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Introduction of Project 
 
The proposed project consists of designing, constructing and testing a pedestrian timber 
bridge for the 24
th
 National Timber Bridge Design Competition (NTBDC). All ASCE and FPS 
school chapters are invited to participate. The competition is sponsored by the Southwest 
Mississippi RC&D Council (SMRCD) which promotes continued research in infrastructure 
development with focus on sustainability and improvement of the quality of the built 
environment. The NTBDC began in 1993 in an effort to promote the use of timber as a building 
material in the construction of short-span bridges. The goal of the competition is to engage 
engineering students in structural analysis and design of wood structural members, thereby 
promoting the efficiency, sustainability and affordability of timber.  
The purpose of this design competition is to bring attention to many of the defective 
bridges in rural America and present timber as an economical solution for their replacement. 
Bridges are a vital part of the infrastructure in rural America, and investing time and research 
into developing economical and easy-to-install short-span timber bridge designs will not only 
help address the aforementioned problem in crumbling infrastructure, but will also help boost the 
local economy by means of facilitating use of local materials and labor.  
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Competition Overview 
 
In order to be an eligible participant in the competition, each entry must comply with the 
competition rules and design requirements published by SMRCD. The bridge will be designed to 
be meet the minimum parameter of a 4.0 m span length from centerline to centerline of supports 
(with each member not exceeding 2.1 m), a horizontal clearance (or deck span) of 1.3 m and a 
vertical clearance of 2.5 m. The maximum deflection in the bridge is the span length divided by 
400 and the deck span divided by 100.  The gross deck deflection shall be measured under the 
centroid of loading point placed where the deck is calculated to experience the maximum 
deflection. The load should be applied in four equal increments of 5kN with the full load of 
20kN being achieved in no less than five minutes. The 20kN will be applied to the bridge for the 
duration of one hour.    
Each team must determine what wood and fasteners will be most practical for optimal 
design, with affordable and sustainable choices are rewarded. The financing and feasibility of 
construction is a major constraint for overall design: each design team must cover the cost of 
constructing their own bridge (prefabricated materials are prohibited), however materials may be 
donated if the opportunity is found.  
After the design and construction phases of the project are completed, the team will 
submit results electronically to be judged on the six following overall criteria: 
 Best Overall Design 
 Best Support Structure 
 Best Deck 
 Most Practical Design 
 Most Aesthetic Design 
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Description of the Proposed Solution 
Prior to beginning the design process, various databases were consulted to insure full 
compliance with the rules and regulations of the NTBDC and latest NDS code requirements. 
Other documents such as the ASSHTO Pedestrian Bridge manual were used in preliminary 
design research. In order to have a wide ranging design scope, each team member was tasked 
with drafting and analyzing a separate and unique bridge model, each varying in geometry, 
materials, and specifications for each member.  
The separate designs will be ranked using the selection matrix reported below. In addition 
to compliance to the aforementioned codes and regulations and the structural performance 
standards (loading capacity and deflection limits), the designs will also be scored based on the 
six judging criteria dictated by the NTBDC. Furthermore, the team will also account for 
feasibility of construction, given the team’s limited building experience and potentially little ease 
of procurement of materials (depending on the design).  
 
Scoring Criteria Camelback Truss Hip Truss w/ Cables Simple Beam 
Loading Capacity    
Net Deflection    
Aesthetics    
Percent Wood 
(estimated)    
Feasibility of 
Construction    
Economy    
Ease of Connection 
Design    
Total    
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Scoring criteria and details will be developed using a numbering system, with the lowest 
total score indicating the best design.  
In addition the above matrix, the final bridge design will have to meet the strength and 
safety standards regulated by the AASHTO Guide Specifications for Design of Pedestrian 
Bridges.  
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Related Non-technical Issues  
There are three main non-technical challenges that our group will be faced with 
throughout the design and construction phases of our project: location, financing, and post-
competition plan for bridge. 
The primary issue that must be addressed is the location of construction of the timber 
bridge, which must be constructed in an area that will accommodate the approximate space 
needed to build and test such an apparatus. The team is currently coordinating with the Civil 
Engineering Laboratory Manager, Brent Woodcock, to secure the necessary area in the Structural 
Engineering Lab at SCU. Mr. Woodcock and the rest of the civil engineering faculty have been 
extremely receptive to the request for a building and testing space on the SCU campus, thus this 
search is expected to cause no delays in the construction and testing of the bridge.  
Another issue that the team will have to overcome is securing the necessary funding for 
the project. The estimated budget hovered around $2,000 for the entire project. The goal is to 
secure $1,700 of funding from the Santa Clara University Engineering Department, and then 
reach out to private sources for the remaining funding. The money granted from the Department 
will be used to acquire various physical components for the bridge, including the timber 
members for the truss and deck as well as all necessary hardware and fasteners. A portion of the 
money will also be spent on the actual testing of the bridge that will be done in conjunction with 
ASTM testing procedures and the standards put forth by the NTBDC as well. This will involve 
purchasing the 20 kN of material used to test deflection in the bridge. The team plans on either 
replicating the testing process employed by the previous group (sacks of cement).  
The final challenge that must be overcome is deciding what to do with bridge once the 
competition and design thesis are completed. 
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Proposed Scope of Work for CENG 193/194 
The team is very cognizant of the fact that the design process is an evolving process with 
many different aspects that must be simultaneously considered and implemented. The plan is to 
enter CENG 193 with a nearly completed design for the final project, however the nature of 
construction will undoubtedly entail some minor changes to our project design. The primary 
focus of CENG 193 will be the construction of the structure. In order to accomplish this 
objective all members of the team will need to be certified to operate the various tools that will 
be required for construction. Additionally, the necessary materials will need to be procured from 
local lumberyards and hardware stores. After the construction is complete, the rest of the quarter 
will focus on securing the necessary testing materials and equipment in order to test our bridge to 
competition standards. The team will need to locate and/or purchase 20kN of weight required by 
the NTBDC, as well as a mechanism for loading the weight on the structure and a deflection 
measuring device. This is our planned scope of work for CENG 193 in the academic quarter 
Winter 2016. 
The team’s primary focus in CENG 194 will be completing the competition testing and 
submitting the entry to SMRCD. Fortunately the competition entry is conducted online so there 
will be no need to raise any funds for travel expenses. The team is currently investigating and 
evaluating the possibility of donating the bridge, but our primary plan is the demolition of the 
structure and the subsequent donation of the material to a local non-profit building organization. 
The final consideration in CENG 194 will be the completion of the team’s senior design report 
and presentation in mid-May 2016. 
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Identification of applicable Design Criteria and Standards  
The goal of this project is to comply both with the provided NTBDC rules and 
regulations (which are primarily concerned with wood treatment, materials, loading and 
deflections ) as well as the AASHTO Pedestrian Bridge specifications in order to insure that the 
bridge will be able to be legally implemented beyond competition testing. The bridge will be 
designed to ensure structure stability and safety.  
The following are general requirements specified by the NTBDC rules and regulations. 
The bridge can span between 4m-6m, with each member not exceeding 3.2m. The width is 
permitted to range between 1.3m and 1.95m. The bridge should be composed at least of 75% 
wood which will need to be treated to meet local moisture levels. The load will be applied in four 
equal increments of 5kN, with the full load of 20kN achieved in no less than five 
minutes. Overall and deck deflections for the bridge are limited respectively to be the span length 
divided by 400 and the deck span divided by 100. The gross deck deflection shall be measured 
under the centroid of loading point placed where the deck is calculated to experience the 
maximum deflection under full loading, if the 4-point were moved.  
In addition to competition requirements, the bridge will be analyzed in accordance with 
the AASHTO Pedestrian Bridge specifications. 
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Key Resources to be used in CENG 193/ CENG 194 
The following resources have been used and will continue to be used throughout the 
entirety of the senior design project as guides in bridge design and aids in structural analysis. 
 
 2016 (24th) Rules and Regulations for the National Timber Bridge Design Competition 
 2012 National Design Specification for Wood Construction with Commentary 
 2009 AASHTO Guide Specifications for Design of Pedestrian Bridges 
 ASTM Standard Testing Methods 
 
 
 
Quality Control Protocol  
Ensuring quality throughout construction will be crucial for a successful project outcome. 
The team plans to accomplish this by means of a number of methods during the construction 
phase of CENG 193. Materials and structures will be stored indoors throughout the duration of 
the building phase in order to minimize exposure to weather elements which could decrease 
strength capacity of the timber members (particularly if they were to become saturated with 
water). During construction the team will also utilize a number of different quality assurance 
devices such as builder’s levels and Laser-guided Miter Saws in order to ensure maximum 
accuracy. The combination of all of these features will ensure the construction of a timber bridge 
of top-notch quality.  
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Summary and Conclusions 
 
By participating in the 24
th
 National Timber Bridge Design Competition, the team will 
not only have the chance to prove knowledge in the design of timber structures, but also an 
overarching understanding of structural analysis and the different phases of construction.  
The team members will have a chance to experience nearly the entirety of a structure’s life, from 
the initial stages of conceptualizing the bridge, to designing the members, creating construction 
drawings, building the entire structure, testing it, and eventually donating it to a community or 
recycling the materials for further use.   
This Timber Design Project will also strive to embody Santa Clara University’s mission 
of Engineering with Conscience, Competence and Compassion, by always keeping 
sustainability, ethics, and community needs in mind. 
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NTBDC Rules and Regulations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DESCRIPTION:
The competition will consist of the construction and testing of a model timber bridge on the home site of each
team.
ELIGIBILITY:
The competition is open to all student chapters of American Society of Civil Engineers and Forest Products
Society in the United States and Canada. Joint (ASCE/FPS) and multiple entries from one school will be accepted.
COMPETITION SPECIFICATIONS:
Each contestant (team) will be required to design, build and test a bridge constructed from wood structural
members. The wood used in this project must be from a commercially available species. Be sure to check out
our list of more than two dozen links to wood products design data, technical values, specifications, treatment
information, supplies, etc. on the main page for the Competition. Contestants may use donated materials and/or
services, however, donated services may not include any form of fabrication or preparation of composite bridge
members.
WOOD TREATMENT:
One of the new Scoring Criteria for 2016 is “Durability” (see Awards: Performance Awards, below). The
treatment of wood members is not a requirement, but contestants must fully address why treatment was not
selected and how their bridge will perform in a real-life situation in their locale, considering moisture,
temperature and other factors that impact the durability of bridge members. Some locations with low moisture
and cold temperatures may not require treatment to AWPA Standards in order to achieve adequate performance
throughout the bridge’s expected life. In fact, some teams may find it hard to secure bridge materials within
their area that are treated. This change is being implemented to facilitate their entry in this Competition.
This change is not intended to approve wholesale abandonment of the merits of proper treatment of wood
members. Teams that do not address this durability and treatment issue adequately will receive low scores from
judges in this area. Contestants are strongly reminded that most Competition bridges find an after-life following
the Competition testing (trail bridges, etc.). Use of untreated bridges in areas that require treatment will not only
negatively impact Judges’ decision, but will also tend to eventually contribute to a negative opinion toward wood
as a competitive construction material when these bridges begin to fail, short of their design life. Another factor
is the obvious safety issue.
Contestants should consider, where applicable, treating all wood members to AWPA standards. Retention levels
for bridge members not in contact with the ground (deck, rails, upper trusses, etc.) may meet "above ground
use" standards. Retention levels for bridge members to be in direct contact with the ground should meet
“ground contact” standards. See www.awpa.com for details on ordering publications and standards or go to
Western Wood Preservers Institute then select preservative type for standards tables.
Since all the most common procedures for meeting AWPA standards require pre-treatment in a pressurized
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environment to attain adequate retention levels, the treatment type and process should be part of the bridge
design process, rather than a post-treatment alternative. There are plenty of safe treatment materials available,
so student safety should be considered, but not prohibitive.
Likewise, the life expectancy of all metal fasteners, cables, plates and other non-wood components should be
considered for all bridges, since all bridges are assumed to have a “life after competition”. These factors should
be considered in your discussion of "Bridge Durability" in the Online Entry.
DESIGN CRITERIA:
Design Span: 4.0 meters from center line to center line of supports. The maximum length of an individual piece
in any member shall not exceed 3.2 meters. There is no length limitation on built-up and laminated members
provided that the individual pieces, including plywood, used in making the member do not exceed the specified
maximum length. Maximum width of supporting base plates is 60 mm. There is no length constraint on cables,
straps, rods or other tensioning devices.
Horizontal Clearance: 1.3m inside curb to inside curb.
Special Consideration for Varying Bridge Length and Width: Since most Competition bridges are placed
into a real-life use situation following the Competition and since some of these real-life situations may require a
bridge of different length and/or width than that specified in Competition Rules, contestants will be allowed to
increase (but not decrease) the specified bridge Design Span (4.0 meters) by up to 50% (to maximum of 6.0
meters) and/or also to increase the specified deck Horizontal Clearance (1.3 meters) by up to 50% (to maximum
of 1.95 meters). Remember than the maximum allowed deflection for each parameter remains at "BRIDGE SPAN
divided by 400" and "DECK SPAN divided by 100". All bridges will then be scored in the Bridge Weight criteria by
weight per square meter (Bridge Design Span X Horizontal Clearance).
Vertical Clearance: 2.5 meters from deck surface (overhead clearance).
Depth of Understructure: Maximum of 500 mm at center-span and 1000 mm at support base measured from
top surface of deck to lowest point of support structure.
Test Load: 20 kN for 1 hour. (See test setup for location of loading blocks.)
Load Application and Deflection Measurements: The load will be applied in 4 equal increments of 5 kN
each, with the full load of 20 kN being achieved in not less than 5 minutes or more than 20 minutes. Deflection
readings will be recorded at each 5kN load increment. Then, four deflection readings shall be recorded at
15-minute intervals during the 1-hour full-load duration.
Maximum Vertical Bridge Deflection: Maximum allowed bridge deflection is Design Span divided by 400,
as recorded at midspan of the longitudinal beam receiving the greatest loading. Subtraction from deflection due
to compression of supports will not be allowed. If two or more longitudinal beams are predicted to receive equal
loading, select only one to monitor, or monitor all such beams and submit average deflection (contestant's
choice).
Maximum Vertical Net Deck Deflection: Maximum allowed net deck deflection is Deck span divided by
100, with deck span being measured as the shortest side of the largest “deck panel” formed by 2 longitudinal
members and 2 transverse members, if applicable. "Deck panel" is defined as any area of clear-span deck
bordered (i.e. defined) by the 2 nearest longitudinal bridge support members and the 2 nearest transverse
support members, if applicable. In other words, deck span is the distance between points monitored by the 2
gauges at points 3 and 4 below. However, note that deck span is actually measured from inside structural
member to inside structural member. If largest deck panel is a cantilevered section of the bridge, then one side
is defined by the curb.
Gross deck deflection shall be measured under the centroid of the loading point placed where the deck is
calculated to experience maximum deflection under full loading if the 4-point was moved anywhere on the deck.
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This point should be the same as the center of the largest “deck panel” described above. The selected loading
point must be at the deck’s weakest point. It must be halfway between any transverse members such as floor
beams, deck stiffeners, cross-bracings, diaphragms, etc. that make contact with the deck’s underneath surface.
It must also be halfway between any adjacent longitudinal support members.
Net deck deflection shall be determined by subtracting the average of the deflections recorded in the 2 bridge
structural members forming the longer side of the largest bridge “deck panel” as recorded at midpoint of the
longest sides of the “deck panel” and as measured by gauges at points 3 and 4 below. See “Test Setup” sketch
for details on placement of the 4 loading points, size of bearing plates, etc.
Note that more than one loading setup may be required to properly measure both bridge deflection and deck
deflection at their weakest points, i.e. at points of expected maximum deflection. Some designs may, however,
allow for one loading setup to monitor both defections. If needed, the 4-point loading setup may be moved as a
unit transversely only to monitor Maximum Vertical Bridge Deflection, but it may be moved as a unit both
transversely and longitudinally to monitor Maximum Vertical Deck Deflection, thus placing any one of the four
loading points over the center of the largest “deck panel".
Drawings must clearly document location of load points. Location of all monitoring gauges for each
loading set-up must also be shown as follows:
Midpoint of longitudinal beam predicted to experience maximum loading. Resulting deflection is Maximum
Vertical Bridge Deflection.
1. 
Centroid of largest “deck panel” as described in Maximum Vertical Net Deck Deflection above. Resulting
deflection is Maximum Gross Deck Deflection.
2. 
At midpoint of one of the longest sides of the selected “deck panel”.3. 
At midpoint of the other longest side of the above “deck panel”.4. 
Note that distance between point 3 and point 4 is Deck Span. Net Deck Deflection is deflection
measured at point 2 subtracted by the average of the two deflections measured at points 3 and 4.
Failure of drawings to clearly document location of below 4 gauge points and the location of the 4
loading points (at one or both setups as applicable) will result in disqualification. Disqualification
may also occur if photos “c” and “d” below (See Documentation) contradict drawings.
Bridge Deck: The bridge deck does not have to be wood, but note 25% by weight nonwood restriction on total
bridge weight. Any material can be used as long as: it is designed to effectively transfer loads at all locations on
its surface to the support structure, is not an open grid, can be treated to withstand weather-related
deterioration, can withstand repetitive traffic loading and wear, and is capable of supporting the complete 4-load
combination moved anywhere on the deck surface. In other words, it must work in real-life application! The
maximum length per piece limit (3.2 meters) still applies to deck materials. The deck must be uniform in
thickness, material, etc. throughout (i.e. “beefed up” deck in the area of the load point selected for gauging deck
deflection will cause disqualification).
Prestressing: Prestressing will be allowed provided it is done 48 hours before testing.
Bridge Weight: Bridge must be weighed before testing and must include all bridge parts forming a part of the
bridge as a structural system. Note that total non-wood components cannot exceed 25% of total bridge weight.
Curb: The curb does not need to resist a force but must be connected to the bridge. The curb may be a part of
arch or truss members. Curb material must meet same requirements as Deck except for load-bearing, but can be
a load-bearing member. It must have a minimum size of 40 mm x 80 mm (2 x 4).
DOCUMENTATION:
Contestants will be required to submit by PowerPoint file using the ENTRY TEMPLATE (a ppt file):
Be sure to review the PPT Template and note the narrative, drawings, and photos required to be entered. When
completed, email the PPT Template file only to Bennie Hutchins, Competition Coordinator at
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benniefhutchins@gmail.com. In addition, mail one CD containing the PPT file, all photos and all drawings to
Bennie Hutchins, 328 Covington Cove, Madison MS 39110.
1.Digital Photographs: Following photos are required (as a minimum):
At least 4 photos of bridge construction featuring key structural components of bridge, such as deck,
longitudinal supports, transverse beams, connectors, etc. as applicable.
a. 
One photo of weighing bridge.b. 
One end view of loading setup.c. 
One side view of loading setup.d. 
One photo of each deflection monitor at full loading, with identification sign indicating, "deck", "beam left",
"beam right", “bridge”.
e. 
One side view of finished bridge from above plane of bridge deck.f. 
One end view of finished bridge from below plane of bridge deck.g. 
One group picture of design team either on bridge or with bridge in foreground from a trimetric view.h. 
NOTE: In all pictures try to avoid background and foreground clutter. Adding a sign with school name is
advisable for future publicity.
2. Digital Drawings:
Must be adequate to inform judges of bridge dimensions, including size and spacing of all longitudinal and
transverse components.
a. 
Must show 3 views (side, end and trimetric or overhead)b. 
Must show location of the selected load point monitored for deck deflection, the location of the 4-point load
setup for bridge deflection, and the location of all gauges monitoring structural member deflections for
determining both deck and bridge deflection.
c. 
Must be entered into the correct page of the PPT Template.d. 
NOTE: Be sure lettering is large enough to read easily on computer screen! Avoid light colors for lines and
numbers; avoid black backgrounds.
e. 
Following materials should be mailed to reach Competition coordinator by deadline (April 15, 2016). Mail to
Bennie Hutchins, 328 Covington Cove, Madison MS 39110.
Drawings: Mail an 8 1/2-inch x 11-inch hard copy of each of the bridge drawing. See Drawings
requirement above.
1. 
Certification and Entry Form (print from website) signed by Faculty Advisor.2. 
One photograph of the finished bridge from a trimetric view.3. 
One photograph of the Bridge Team with the bridge in foreground or with team on the bridge
(foreground preferred).
4. 
A CD containing all drawings, photographs, and the PPT Entry Template.5. 
REPORT:
A technical report must be submitted using the PPT Template provided at this link ENTRY TEMPLATE and will
include:
Abstracts: Using maximum of 500 words, explain the bridge design concept and explain what was done to
optimize stiffness while attempting to minimize weight of the structure.
1. 
Table of all recorded test results of deflection measurements.2. 
An itemized materials list showing weight of each item and total weight of bridge. The total weight of
non-wood material must be less than 25% of the total weight of the bridge. Glue is non-wood.
3. 
A short summary (max. 500 words) describing the bridge and its behavior under load.4. 
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Short description of major bridge components (10 words or less per component).5. 
Description of Durability Considerations (preservative treatment used and why it was selected; why
preservative treatment was not selected, if applicable; and durability considerations of non-wood
components).
6. 
Project impact. Was the experience beneficial to design team? What end-use did the bridge have after
testing?
7. 
JUDGING:
A panel of three independent judges not affiliated with any contestant institutions will select the winners. Entries
that do not meet all rules and performance criteria will be disqualified for consideration for Performance and
Best Design Award but will be eligible to compete for Special Awards.
AWARDS:
Best Overall Design - This award is intended to reward intellectual effort, including how the design meets
the performance-related standards. Judged using following points:
1. 
Design is a configuration of structural elements that can be optimized through normal engineering
methods (20%)
Design makes efficient use of structural materials (20%)
Design is based on structural concepts that have broad applications (20%)
Design shows intellectual efforts (20%)
Judges' Review/Report (20%) (adequate documentation, clarity, neatness, content, abstract, photos,
video)
Performance Awards2. 
Best Support Structure - Judged based on weighted criteria:a. 
Maximum Bridge Deflection - 25%
Total Bridge Weight - 20%
Durability - 20%
Percent Nonwood (total bridge) - 15%
Practical - 10%
Innovative (in structural design and use of materials) - 10%
Best Deck Design - Judged based on weighted criteria:b. 
Maximum Bridge Deflection - 25%
Total Bridge Weight - 20%
Durability - 20%
Percent Nonwood (total bridge) - 15%
Practical - 10%
Innovative (in structural design and use of materials) - 10%
Special Awards:3. 
Most Practical Design - Design that can be practical to implement in real-life design and construction;
low-tech and easy to construct (low materials and labor costs).
Most Aesthetic Design
Most Innovative Design (in the use of new and non-traditional materials and/or construction
methods)
Awards: Winners in the above 6 categories (top 3 places) will receive attractive certificates or plaques and
will be recognized in national press releases by Competition Coordinators. There will be no monetary
awards in 2016.
4. 
DEADLINES:
Deadline for ENTRY TEMPLATE to be received by Competition Coordinator (Bennie Hutchins) is April 15, 2016.
Deadline for receipt of mailed materials is also April 15, 2016. Mail to Bennie Hutchins, 328 Covington Cove,
Madison MS 39110.
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All materials received by RC&D will become the property of RC&D.
RESULTS:
Winners will be announced online and by email to the faculty advisor and “Student in Charge” emails entered on
slide 1 of the Entry Template, by May 6, 2016. In addition, the full entries of all participants will be released
online and available for all contestants as well as any Internet user to review. Each can learn from the successes
and failures of others! The results will also be publicized through various publications.
ADDITIONAL INFORMATION:
Submit questions by e-mail to Bennie Hutchins, or phone 601-748-2622. Check Q & A/Updates regularly for
valuable competition updates, rules clarifications, etc.
©2016 Mississippi Association of Resource Conservation and Development Councils.
Report errors to: Keith Mazer.
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Design 1: Modified Camelback Truss 
Marie McNamara 
1.0 m
.8m
1.6m
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Design 2: Girder with Sub-truss 
Andrew Porter 









	
	
 
 
 
Design 3: Pratt Truss with Cables 
Martina Sbicca 
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2x4 16 5.25 3.2 1.867
2x8 4 10.875 3.2 0.967
2x8 2 10.875 5.5 0.831
4x8 3 25.375 5.5 2.908 6.572 V
4x8 4 25.375 7 4.934
4x6 2 19.25 8.3 2.219
2x6 8 8.25 4.5 2.063
2x4 4 5.25 4.25 0.620
2x4 4 5.25 2.5 0.365 10.200 V
Decking 2x8 20 10.875 5.4 8.156 11.203 V
Total V 28.0 ft3
16 2x4 3'‐2"
4 2x8 3'‐2"
2 2x8 5'‐6"
3 4x8 5'‐6"
4 4x8 7'‐0"
2 4x6 8'‐2 9/16"
8 2x6 4'‐5 3/16"
4 2x4 4'‐3 3/16"
4 2x4 2'‐5 3/8"
Volume 
(ft3)
Length 
(ft)
2'‐6"
FOR CONSTRUCTION 
Actual 
Dim.
Quantity
Ordering Dim. 
(extra)
3'‐6"
3'‐6"
6'‐0"
6'‐0"
7'‐0"
SELF WEIGHT 
/
Top Hor.
Big Obliques
Inner Obliques
No.
Small Obliques
Outer Beam
Inner Beam
Outer Girder
Beam
Decking
Dim. Area (in2)
Inner Girder
Bottom Hor.
Decking
Beam
Outer Beam
Inner Beam
Outer Girder
Inner Girder
Bottom Chord
Top Chord
Big Obliques
Inner Obliques
Small Obliques
Truss
Truss
8'‐6"
4'‐6"
4'‐6"
Section
Truck 5 kN 1.13 kip
Load 4 points 4 points
Total 20 kN 4.5 kip
/Area 10 psf (RPL Decking) /Area 90 psf
/Area 20 psf (Estimated Self‐Weight) /foot 495 plf
/foot 165 plf /foot/3 247.5 plf
/foot/2 82.5 plf
Metric U.S.
4.27 14.0
1.68 5.5
7.2 77.0
45 45
G= 0.44 Redwood 22.373 (ft3)
ρw = 62.4 lb/ft3 Total 28.0 (ft3)
ρr = G*ρw 27.456 lb/ft3 % wood 80%
Weight 768 lb
(AASHTO 
Pedestrian 
Loading)
Dimensions
Deck Area (m2/ft2)
Bridge Width
DEAD LOAD 
Bridge  Length
Percentage of WoodWeight Calculations ‐Redwood
Oblique Members 
LIVE LOAD 
LOADING WEIGHT 
Live 90 psf 2x4 1.5x3.5 5.25 5.359 0.984 3.06 1.313 1.010 0.433 975 575 160 650 1200 1333000 470000 0.44 0.738
10 psf 2x6 1.5x5.5 8.25 20.8 1.547 7.56 2.063 1.588 0.433 975 575 160 650 1200 1333000 470000 0.44 1.160
20 psf 2x8 1.5x7.25 10.88 47.63 2.039 13.14 2.719 2.092 0.433 975 575 160 650 1200 1333000 470000 0.44 1.530
4x8 3.5x7.25 25.38 111.1 25.9 30.66 14.8 2.092 1.010 975 575 160 650 1200 1333000 470000 0.44 3.568
1 m = 3.28084 ft
d1 =  0.1 m
dTRIB= 0.35 m dTRIB= 0.3 m 0.33 ft L= 1.6 m L= 1.6 m L = 2 m L = 2.5 m
dTRIB= 1.15 ft dTRIB= 0.98 ft d2 =  0.5 m L= 5.25 ft L= 5.25 ft L = 6.56 ft L = 8.20 ft
L = 1 m L = 1 m 1.64 ft R1 =  226.0 lbs R1 =  452.1 lbs W =  0.002 k/ft W =  0.002 k/ft
L = 3.28 ft L = 3.28 ft d3 =  0.8 m R2 =  193.8 lbs R2 =  387.5 lbs R1= 0.03 kip R1= 0.01 kip
Wd= 34 plf Wd= 30 plf 2.62 ft R3 =  193.8 lbs R3 =  387.5 lbs R2= ‐0.04 kip R2= ‐0.02 kip
WL= 103 plf WL= 89 plf d4 =  1.1 m R4 =  193.8 lbs R4 =  387.5 lbs R3= 0.03 kip R3= 0.01 kip
W= DL+LL W= DL+LL 3.61 ft R5 =  226.0 lbs R5 =  452.1 lbs T = 1.41 kip C = 1.47 kip
138 plf 118 plf d5 =  1.5 m RTO= 516.7 lbs RTI= 1033.3 lbs ΔMAX= 0.101 in ΔMAX= 0.074 in
R1= wL/2 R2= wL/2 4.92 ft 0.52 kip 1.03 kip
226.0 lbs 193.8 lbs d6 =  1.6 m MMAX= RTL/4 MMAX= RTL/4
RSAP= 230.0 lbs RSAP= 200.0 lbs 5.25 ft 0.7 k‐ft 1.4 k‐ft
MMAX= wL
2/8 MMAX= wL
2/8 PSAP= 0.52 kip PSAP= 1.03 kip
185.4 lbs‐ft 158.9 lbs‐ft ΔMAX= PSAPL3/48EI ΔMAX= PASDL3/48EI L = 1.414 m L = 1.414 m
ΔMAX= 5wL
4/384EI ΔMAX= 5wL
4/384EI 0.042 in 0.036 in L = 4.64 ft L = 4.64 ft
0.07 in 0.02 in W =  0.001 k/ft W =  0.000 k/ft
R1= 0.03 kip R1= 0.01 kip
R2= ‐0.04 kip R2= ‐0.02 kip
R3= 0.03 kip R3= 0.01 kip
C = 1.61 kip T = 0.47 kip
ΔMAX= 0.080 in ΔMAX= 0.026 in
Use 2x8 Use 4x8
DECK ‐ VERTICALDECK ‐ HORIZONTAL
GRAVITY SYSTEM 
SAP
Use 2x4 Use 2x4
SAP
Use 2x6 Use 2x6
OUTER GIRDERS INNER GIRDERS
SAP SAP
Use 2x6 Use 2x6
OBLIQUE OUTER OBLIQUE INNER 
TRUSS
OUTER BEAMS INNER BEAMS LOWER BEAMS UPPER BEAM
E  Emin  G Torsional Constant (in4)
Pedestrian Loading
Dead RPL Decking
Self Weight
ry (in) Fb  Ft  Fv  Fc┴ Fc 
Redwood, No.1 (psi)
LOADS Nominal 
Size ("x")
Actual 
Size ("x") A (in
2) Ixx (in4) Iyy (in4) Sxx (in3) Syy (in3) rx (in)
F'b M (lbs‐in) fb D/C F't T (lbs) ft D/C F'c C (lbs) fc D/C
2x4 1118.8 16.3 5.3 0.005
2x8 895.1 11700.0 890.4 0.995
2x8 895.1 1070.0 81.4 0.091
4x8 969.6 25364.0 827.3 0.853
2x8 895.1 1071.0 81.5 0.091 621.0 1727.0 158.7 0.256 ‐ ‐ ‐ ‐
2x6 969.6 496.0 65.6 0.068 ‐ ‐ ‐ ‐ 296.3 1795.0 217.6 0.734
2x6 969.6 808.0 106.9 0.110 ‐ ‐ ‐ ‐ 675.9 2008.0 240.0 0.355
2x6 969.6 401.0 53.0 0.055 672.8 522.0 63.3 0.094 691.7 435.0 113.5 0.164
2x4 1118.8 6.0 2.0 0.002 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐
BENDING COMPRESSION ELASTICITY CROSS GRAIN BEARING TENSION
Fb psi 975 Fc psi 1200 E psi 1300000 FC┴ psi 650 Ft psi 575
CD 2.3.2. 0.90 CD 2.3.2. 0.90 Emin psi 470000 FC┴ 5x5+ 650 CD 2.3.2. 0.90
2x, 4x 0.85 CM 2x4 0.80 CM 2x4 0.90 CM 2x, 5x 1.25 CM 2x4 1.0
if PT 1.00 Ct ≤100° 1.00 Ct ≤100° 1.00 Ct ≤100° 1.00 Ct ≤100° 1.0
Fb*CF≤1500 1.00 2x4 1.15 Ci PT 0.80 Ci PT/no PT 1.00 2x4 1.50
Ct ≤100° 1.00 2x6 1.10 no PT 1.00 Cb 3.10.4 0.80 2x6 1.30
CL supported 1.00 2x8 1.05 E'min psi 423000 no PT 1.00 2x8 1.20
2x4 1.50 4x8 1.05 4x8 1.20
2x6 1.30 PT 0.80 PT 0.8
2x8 1.20 no PT 1.00 no PT 1.0
4x8 1.30
CFU 4A (supp. 30 n/a F*c psi 950.4 F*c psi 950.4 F*c psi 993.6
PT 0.80 ls  in 49.2 ls  in 27.85 ls  in 27.85
no PT 1.00 ds in 1.5 ds in 1.5 ds in 1.5
l/d / 32.8 l/d / 18.6 l/d / 18.6
Fce psi 323.2 Fce psi 1008.7 Fce psi 1008.7
A 0.84 A 1.29 A 1.26
B 0.43 B 1.33 B 1.27
Cp 0.31 Cp 0.71 Cp 0.70
TIMBER PERFORMANCE ‐ NDS
Inner 
Oblique 
2x4
TEST LOADS Dim.
Bending (psi) Tension (psi) Compression (psi)
Truss
Simple Beam
Loaded Beam
Outer Girder
Inner Girder
Decking
fb ≤ F'b = FbCDCMCtCLCFCFUCiCR E'min= EminCMCtCi
CM
CF
Bottom Hor.
Top Hor.
Outer Oblique
Inner Oblique
Small Oblique
Ci
Outer 
Oblique 
2x6
fc ≤ F*c = FcCDCMCtCFCi
Top Hor. 
2x6
Ci
Redwood, No.1 ‐‐> No PT
CFCF
Ci
(Neglectable Axial Loads) (Neglectable Axial Loads)
fb ≤ F'b = Fc┴CMCtCiCb ft ≤ F't = FtCDCMCtCFCi
F'b M (lbs‐in) fb D/C F't T (lbs) ft D/C F'c C (lbs) fc D/C
2x4 1118.8 16.3 5.3 0.005
2x8 895.1 34.0 2.6 0.003
2x8 895.1 9798.0 319.6 0.357
4x8 969.6 19303.0 629.6 0.649
2x8 895.1 1332.2 101.4 0.113 621.0 1823.0 167.6 0.270 ‐ ‐ ‐ ‐
2x6 969.6 478.5 63.3 0.065 ‐ ‐ ‐ ‐ 296.3 1870.0 226.7 0.765
2x6 969.6 890.0 117.7 0.121 ‐ ‐ ‐ ‐ 675.9 2200.0 266.7 0.395
2x6 969.6 425.0 56.2 0.058 672.8 433.0 52.5 0.078 ‐ ‐ ‐ ‐
2x4 1118.8 10.0 3.3 0.003 ‐ ‐ ‐ ‐ 691.7 376.0 71.6 0.104
BENDING COMPRESSION ELASTICITY CROSS GRAIN BEARING TENSION
Fb psi 975 Fc psi 1200 E psi 1300000 FC┴ psi 650 Ft psi 575
CD 2.3.2. 0.90 CD 2.3.2. 0.90 Emin psi 470000 FC┴ 5x5+ 650 CD 2.3.2. 0.90
2x, 4x 0.85 CM 2x4 0.80 CM 2x4 0.90 CM 2x, 5x 1.25 CM 2x4 1.0
if PT 1.00 Ct ≤100° 1.00 Ct ≤100° 1.00 Ct ≤100° 1.00 Ct ≤100° 1.0
Fb*CF≤1500 1.00 2x4 1.15 Ci PT 0.80 Ci PT/no PT 1.00 2x4 1.50
Ct ≤100° 1.00 2x6 1.10 no PT 1.00 Cb 3.10.4 0.80 2x6 1.30
CL supported 1.00 2x8 1.05 E'min psi 423000 no PT 1.00 2x8 1.20
2x4 1.50 4x8 1.05 4x8 1.20
2x6 1.30 PT 0.80 PT 0.8
2x8 1.20 no PT 1.00 no PT 1.0
4x8 1.30
CFU 4A (supp. 30 n/a F*c psi 950.4 F*c psi 950.4 F*c psi 993.6
PT 0.80 ls  in 49.2 ls  in 27.85 ls  in 27.85
no PT 1.00 ds in 1.5 ds in 1.5 ds in 1.5
l/d / 32.8 l/d / 18.6 l/d / 18.6
Fce psi 323.2 Fce psi 1008.7 Fce psi 1008.7
A 0.84 A 1.29 A 1.26
B 0.43 B 1.33 B 1.27
Cp 0.31 Cp 0.71 Cp 0.70
TIMBER PERFORMANCE ‐ NDS
Redwood, No.1 ‐‐> No PT
CF
CF Ci Ci
Small Oblique
fb ≤ F'b = FbCDCMCtCLCFCFUCiCR fc ≤ F*c = FcCDCMCtCFCi E'min= EminCMCtCi fb ≤ F'b = Fc┴CMCtCiCb ft ≤ F't = FtCDCMCtCFCi
Truss
Bottom Hor.
Top Hor.
Outer Oblique
Inner Oblique
AASHTO LOADS Dim.
Bending (psi) Tension (psi) Compression (psi)
Top Hor. 
2x6
Outer 
Oblique 
2x6
Inner 
Oblique 
2x4
Ci
(Neglectable Axial Loads) (Neglectable Axial Loads)
CM
CF
Decking
Simple Beam
Loaded Beam
Outer Girder
Inner Girder
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               See Hanger tables on pages 77-82. See Hanger 
Options on pages 233-243 for hanger modifications, which may 
result in reduced loads.
All hangers in this series have double shear nailing. This innovation 
distributes the load through two points on each joist nail for greater 
strength. It also allows the use of fewer nails, faster installation, and 
the use of standard nails for all connections. (Do not bend or  
remove tabs.)
MATERIAL: See tables, pages 77-82.
FINISH: Galvanized. Some products available in stainless steel or  
 ZMAX® coating; see Corrosion Information, pages 13-15. 
INSTALLATION  • Use all specified fasteners. See General Notes.
• Nails must be driven at an angle through the joist or truss  
into the header to achieve the table loads.
• Not designed for welded or nailer applications.
• 16d sinkers (0.148" dia. x 3 1⁄4" long) may be used where  
10d commons are specified with no reduction in load.  
Where 16d commons are specified, 10d commons or  
16d sinkers (0.148" dia. x 3 1⁄4" long) may be used at 0.85  
of the table load.
• With 3x carrying members, use 16dx2 1⁄2" nails into  
the header and 16d commons into the joist with no  
load reduction. 
• With 2x carrying members, use 10dx1 1⁄2" nails into the  
header and 10d commons into the joist, reduce the load  
to 0.64 of the table value. 
• Use stainless-steel (SS) nails with stainless-steel  
(SS) hangers.
OPTIONS: • LUS hangers cannot be modified.
• HUS hangers available with the header flanges turned in  
for 2-2x (3 1⁄8") and 4x only, with no load reduction.  
See the HUSC Concealed Flange illustration.
Typical LUS28 Installation
use 0.148x3" (10d common) 
or 0.148x3 1⁄4" (16d sinker) nail
Double-
Shear 
Nailing 
Top View
Dome Double-Shear 
Nailing Side View 
(available on  
some models)
U.S. Patent 5,603,580
Double-Shear 
Nailing  
Side View
Do not 
bend tab
LUS/HUS/HHUS/HGUS Double Shear Joist Hangers
Solid Sawn Joist Hangers
FACE MOUNT HANGERS – SOLID SAWN LUMBER (DF/SP)
This product is preferable to similar connectors because of  
a) easier installation, b) higher loads, c) lower installed cost,  
or a combination of these features.
H
BW
1" for 2x’s11⁄16" for 3x’s and 4x’s
LUS28
HUS210
(HUS26, HUS28, 
and HHUS similar) HUS412
HUSC
Concealed Flanges 
(not available for HHUS, 
HGUS and HUS2x)
CODES: See page xx for Code Reference Key Chart. 
These products are available with additional corrosion protection. Additional products on 
this page may also be available with this option, check with Simpson Strong-Tie for details.
See footnotes on page 79.
These products are approved for installation with the Strong-Drive ®  
SD Connector screw. See page 27 for more information.
25⁄8"
HGUS3.25/12
HGUS46
Joist 
Size Model No. Ga
Dimensions (in.)
Min/
Max
Fasteners DF/SP Allowable Loads Installed 
Cost Index 
(ICI)
Code 
Ref.W H B Header Joist Uplift (160)
Floor 
(100)
Snow 
(115)
Roof 
(125)
SAWN LUMBER SIZES
2X4
LU24 20 1 9⁄16 3 1⁄8 1 1⁄2 — 4-16d 2-10dx1 1⁄2 265 555 635 685 Lowest
I7, I27, F6, L5, L17
LUS24 18 1 9⁄16 3 1⁄8 1 3⁄4 — 4-10d 2-10d 490 670 765 825 +3%
U24 16 1 9⁄16 3 1⁄8 1 1⁄2 — 4-16d 2-10dx1 1⁄2 265 575 655 705 +67%
I7, F6, L17
HU26 14 1 9⁄16 3 1⁄16 2 1⁄4 — 4-16d 2-10dx1 1⁄2 335 595 670 720 +295%
DBL 
2X4
LUS24-2 18 3 1⁄8 3 1⁄8 2 — 4-16d 2-16d 440 800 910 985 Lowest I7, I27, F6, L5, L17
U24-2 16 3 1⁄8 3 2 — 4-16d 2-10d 370 575 655 705 +33%
I7, F6, L17
HU24-2/HUC24-2 14 3 1⁄8 3 1⁄16 2 1⁄2 — 4-16d 2-10d 380 380 595 720 +240%
2x6
LUS26 18 1 9⁄16 4 3⁄4 1 3⁄4 — 4-10d 4-10d 1165 865 990 1070 Lowest
I7, I27, F6, L5, L17
LU26 20 1 9⁄16 4 3⁄4 1 1⁄2 — 6-16d 4-10dx1 1⁄2 565 835 950 1030 +6%
U26 16 1 9⁄16 4 3⁄4 2 — 6-16d 4-10dx1 1⁄2 585 865 980 1055 +43%
I7, F6, L17LUC26Z 18 1 9⁄16 4 3⁄4 1 3⁄4 — 6-16d 4-10dx1 1⁄2 730 845 965 1040 +160%
HU26 14 1 9⁄16 3 1⁄16 2 1⁄4 — 4-16d 2-10dx1 1⁄2 335 335 595 720 +179%
HUS26 16 1 5⁄8 5 3⁄8 3 — 14-16d 6-16d 1550 2720 3095 3335 +276%
I7, I27, F6, L5, L17
DBL 
2X6
LUS26-2 18 3 1⁄8 4 7⁄8 2 — 4-16d 4-16d 1165 1030 1180 1280 Lowest
U26-2 16 3 1⁄8 5 2 — 8-16d 4-10d 740 1150 1305 1410 +65%
I7, F6, L17
HUS26-2/HUSC26-2 14 3 1⁄8 5 3⁄16 2 — 4-16d 4-16d 1235 1065 1210 1305 +172%
HU26-2/HUC26-2
14 3 1⁄8 5 3⁄8 2 1⁄2 Min 8-16d 4-10d 760 1190 1345 1445 +233% I7, I27, F6, L5, L17
14 3 1⁄8 5 3⁄8 2 1⁄2 Max 12-16d 6-10d 1135 1785 2015 2165 +254% I7, F6, L17
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Solid Saw
n Joist Hangers
FACE MOUNT HANGERS – SOLID SAWN LUMBER (DF/SP)
Solid Sawn Joist Hangers
CODES: See page 12 for Code Reference Key Chart. 
These products are available with additional corrosion protection. Additional products on 
this page may also be available with this option, check with Simpson Strong-Tie for details.
See footnotes on page 79.
These products are approved for installation with the Strong-Drive ®  
SD Connector screw. See page 27 for more information.
Joist 
Size Model No. Ga
Dimensions (in.)
Min/
Max
Fasteners DF/SP Allowable Loads Installed 
Cost Index 
(ICI)
Code 
Ref.W H B Header Joist Uplift (160)
Floor 
(100)
Snow 
(115)
Roof 
(125)
SAWN LUMBER SIZES
TPL 
2x6
LUS26-3 18 4 5⁄8 4 1⁄8 2 4-16d 4-16d 1165 1030 1180 1280 *
160U26-3 16 4 
5⁄8 4 1⁄4 2 8-16d 4-10d 740 1150 1305 1410 *
HU26-3/HUC26-3 14 4 
11⁄16 5 1⁄2 2 1⁄2 Min 8-16d 4-10d 760 1190 1345 1445 *
14 4 11⁄16 5 1⁄2 2 1⁄2 Max 12-16d 6-10d 1135 1785 2015 2165 *
2x8
LUS26 18 1 9⁄16 4 3⁄4 1 3⁄4 — 4-10d 4-10d 1165 865 990 1070 Lowest
I7, I27, F6, L5, L17LU26 20 1 
9⁄16 4 3⁄4 1 1⁄2 — 6-16d 4-10dx1 1⁄2 565 835 950 1030 +6%
LUS28 18 1 9⁄16 6 5⁄8 1 3⁄4 — 6-10d 4-10d 1165 1100 1255 1360 +23%
LU28 20 1 9⁄16 6 5⁄8 1 1⁄2 — 8-16d 6-10dx1 1⁄2 850 1110 1270 1335 +39%
U26 16 1 9⁄16 4 3⁄4 2 — 6-16d 4-10dx1 1⁄2 585 865 980 1055 +43%
I7, F6, L17LUC26Z 18 1 9⁄16 4 3⁄4 1 3⁄4 — 6-16d 4-10dx1 1⁄2 730 845 965 1040 +160%
HU28 14 1 9⁄16 5 1⁄4 2 1⁄4 — 6-16d 4-10dx1 1⁄2 610 895 1005 1085 +251%
HUS26 16 1 5⁄8 5 3⁄8 3 — 14-16d 6-16d 1550 2720 3095 3335 +276%
I7, I27, F6, L5, L17HUS28 16 1 
5⁄8 7 3 — 22-16d 8-16d 2000 3965 4120 4220 +409%
DBL 
2x8
LUS26-2 18 3 1⁄8 4 7⁄8 2 — 4-16d 4-16d 1165 1030 1180 1280 Lowest
LUS28-2 18 3 1⁄8 7 2 — 6-16d 4-16d 1165 1315 1500 1625 +8%
U26-2 16 3 1⁄8 5 2 — 8-16d 4-10d 740 1150 1305 1410 +65%
I7, F6, L17HUS28-2/HUSC28-2 14 3 
1⁄8 7 3⁄16 2 — 6-16d 6-16d 1550 1595 1815 1960 +188%
HU28-2/HUC28-2 14 3 
1⁄8 7 2 1⁄2 Min 10-16d 4-10d 760 1490 1680 1805 +397%
14 3 1⁄8 7 2 1⁄2 Min 14-16d 6-10d 1135 2085 2350 2530 +418%
TPL 
2X8
LUS28-3 18 4 5⁄8 6 1⁄4 2 — 6-16d 4-16d 1165 1315 1500 1625 *
160
U26-3 16 4 5⁄8 4 1⁄4 2 — 8-16d 4-10d 740 1150 1305 1410 *
HU26-3/HUC26-3 14 4 
11⁄16 5 1⁄2 2 1⁄2 Min 8-16d 4-10d 760 1190 1345 1445 *
14 4 11⁄16 5 1⁄2 2 1⁄2 Max 12-16d 6-10d 1135 1785 2015 2165 *
QUAD 
2X8 HU28-4/HUC28-4
14 14 6 1⁄8 6 5⁄8 Min 10-16d 4-16d 900 1490 1680 1805 *
14 14 6 1⁄8 6 5⁄8 Max 14-16d 6-16d 1345 2085 2350 2530 *
2x10
LUS28 18 1 9⁄16 6 5⁄8 1 3⁄4 — 6-10d 4-10d 1165 1100 1255 1360 Lowest
I7, I27, F6, L5, L17LU28 20 1 9⁄16 6 3⁄8 1 1⁄2 — 8-16d 6-10dx1 1⁄2 850 1110 1270 1335 +13%
LUS210 18 1 9⁄16 7 13⁄16 1 3⁄4 — 8-10d 4-10d 1165 1340 1525 1650 +15%
LU210 20 1 9⁄16 7 13⁄16 1 1⁄2 — 10-16d 6-10dx1 1⁄2 850 1390 1585 1715 +28%
I7, F6, L17
U210 16 1 9⁄16 7 13⁄16 2 — 10-16d 6-10dx1 1⁄2 1110 1440 1635 1685 +76%
LUC210Z 18 1 9⁄16 7 3⁄4 1 3⁄4 — 10-16d 6-10dx1 1⁄2 1100 1410 1605 1735 +180%
HU210 14 1 9⁄16 7 1⁄8 2 1⁄4 — 8-16d 4-10dx1 1⁄2 610 1190 1345 1445 +225%
HUS210 16 1 5⁄8 9 3 — 30-16d 10-16d 3000 4255 4445 4575 +450%
DBL 
2X10
LUS28-2 18 3 1⁄8 7 2 — 6-16d 4-16d 1165 1315 1500 1625 Lowest I7, I27, F6, L5, L17LUS210-2 18 3 1⁄8 9 2 — 8-16d 6-16d 1745 1830 2090 2265 +34%
U210-2 16 3 1⁄8 8 1⁄2 2 — 14-16d 6-10d 1110 2015 2285 2465 +88% I7, F6, L17
HUS210-2/HUSC210-2 14 3 1⁄8 9 3⁄16 2 — 8-16d 8-16d 3295 2125 2420 2615 +217% I7, F23, L17
HU210-2/HUC210-2 14 3 
1⁄8 8 13⁄16 2 1⁄2 Min 14-16d 6-10d 1135 2085 2350 2530 +441% I7, F6, L1714 3 1⁄8 8 13⁄16 2 1⁄2 Max 18-16d 10-10d 1895 2680 3020 3250 +467%
HUCQ210-2-SDS 14 2 9⁄16 9 3 — 12-¼"x2 1⁄2" SDS 6-¼"x2 1⁄2" SDS 2510 4680 4955 4955 * F23
HHUS210-2 14 3 5⁄16 9 5⁄32 3 — 30-16d 10-16d 4000 5635 6380 6880 * F23
TPL 
2X10
LUS28-3 18 4 5⁄8 6 1⁄4 2 — 6-16d 4-16d 1165 1315 1500 1625 * 160LUS210-3 18 4 5⁄8 8 3⁄16 2 — 8-16d 6-16d 1745 1830 2090 2265 *
U210-3 16 4 5⁄8 7 3⁄4 2 — 14-16d 6-10d 1110 2015 2285 2465 *
HU210-3/HUC210-3 14 4 
11⁄16 8 9⁄16 2 1⁄2 Min 14-16d 6-10d 1135 2085 2350 2530 * I7, F6, L17
14 4 11⁄16 8 9⁄16 2 1⁄2 Max 18-16d 10-10d 1895 2680 3020 3250 *
HHUS210-3 14 4 11⁄16 8 7⁄8 3 — 30-16d 10-16d 4000 5635 6380 6880 *
HGUS210-3 12 4 15⁄16 9 1⁄8 4 — 46-16d 16-16d 4095 9100 9100 9100 * I7, F23
HUCQ210-3-SDS 14 4 5⁄8 9 3 — 8-¼"x2 1⁄2" SDS 4-¼"x2 1⁄2" SDS 2510 4680 4955 4955 * F23
QUAD 
2x10
HU210-4/HUC210-4 14 6 
1⁄8 8 3⁄8 2 1⁄2 Min 14-16d 6-16d 1345 2085 2350 2530 * 16014 6 1⁄8 8 3⁄8 2 1⁄2 Max 18-16d 8-16d 1795 2680 3020 3250 *
HHUS210-4 14 6 1⁄8 8 7⁄8 3 — 30-16d 10-16d 4000 5635 6380 6880 * F23, 160HGUS210-4 12 6 9⁄16 9 1⁄8 4 — 46-16d 16-16d 4095 9100 9100 9100 *
2x12
LUS210 18 1 9⁄16 7 13⁄16 1 3⁄4 — 8-10d 4-10d 1165 1340 1525 1650 Lowest I7, I27, F6, L5, L17LU210 20 1 9⁄16 7 13⁄16 1 1⁄2 — 10-16d 6-10dx1 1⁄2 850 1390 1585 1715 +11%
U210 16 1 9⁄16 7 13⁄16 2 — 10-16d 6-10dx1 1⁄2 1110 1440 1635 1685 +53% I7, F6, L17
LUC210Z 18 1 9⁄16 7 3⁄4 1 3⁄4 — 10-16d 6-10dx1 1⁄2 1100 1410 1605 1735 +180% I7, I27, F6, L5, L17
HU212 14 1 9⁄16 9 2 1⁄4 — 10-16d 6-10dx1 1⁄2 1135 1490 1680 1805 +347% I7, F6, L17HUS210 16 1 5⁄8 9 3 — 30-16d 10-16d 3000 4255 4445 4575 +378%
DBL 
2x12
LUS210-2 18 3 1⁄8 9 2 — 8-16d 6-16d 1745 1830 2090 2265 Lowest I7, I27, F6, L5, L17
U210-2 16 3 1⁄8 8 1⁄2 2 — 14-16d 6-10d 1110 2015 2285 2465 +40%
I7, F6, L17
LUS214-2 18 3 1⁄8 10 15⁄16 2 — 10-16d 6-16d 1745 2110 2410 2610 +56%
HUS210-2 14 3 1⁄8 9 3⁄16 2 — 8-16d 8-16d 3295 2125 2420 2615 *
HUS212-2/HUSC212-2 14 3 1⁄8 10 3⁄4 2 — 10-16d 10-16d 3635 2660 3025 3265 *
HU212-2/HUC212-2 14 3 
1⁄8 10 9⁄16 2 1⁄2 Min 16-16d 6-10d 1135 2380 2685 2890 *
14 3 1⁄8 10 9⁄16 2 1⁄2 Max 2 2-16d 10-10d 1895 3275 3695 3970 +411%
HUCQ210-2-SDS 14 2 9⁄16 9 3 — 12-¼"x2 1⁄2" SDS 6-¼"x2 1⁄2" SDS 2510 5460 5560 5560 * F23
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 The Simpson Strong-Tie® Strong-Drive® SDS Heavy-Duty 
Connector screw is a 1⁄4" diameter structural wood screw ideal  
for various connector installations as well as wood-to-wood  
applications. It installs with no predrilling and has been extensively 
tested in various applications. The SDS Heavy-Duty Connector 
screw is improved with a patented easy driving 4CUT™ point and  
a corrosion resistant double-barrier coating.  
 The #8x1 1⁄4" SD Wafer-Head screw is ideal for miscellaneous 
fastening applications. The needle point ensures fast starts and 
deep #2 Phillips drive reduces cam-out and stripping.
SDS FEATURES:        
 • The patented 4CUT point has a square core and serrated  
  threads to reduce installation torque and make driving easier  
  with no predrilling and minimal wood splitting.
 • Available with a double-barrier coating or in Type 316 stainless 
  steel. Carbon steel loads apply to corresponding stainless  
  steel models.
 • 3⁄8" hex washer head is stamped with the No-Equal sign and  
  fastener length for easy identification after installation.
MATERIAL: Heat-treated carbon steel, Type 316 stainless steel
FINISH: SD8x1.25—Electro Galvanized;  
  SDS—Double Barrier (all lengths);  
  SDS—Type 316 Stainless Steel (1 1⁄2" thru 3 1⁄2" lengths)
CODES: See page 12 for Code Reference Key Chart.
WARNING: Industry studies show that hardened fasteners can 
experience performance problems in wet or corrosive environments. 
Accordingly, the SD8x1.25 should be used in dry, interior, and  
noncorrosive environments only.
Wafer-Head Screw
(Not for structural applications – 
see note 8)
STRONG-DRIVE® SDS HEAVY-DUTY CONNECTOR  Screw
Fasteners & Quik Drive® Systems
These products feature additional corrosion protection. Additional products on this page may also be available with this option, check with Simpson Strong-Tie for details.
Simpson Strong-Tie® Strong-Drive® SDS HEAVY-DUTY CONNECTOR Screw and Wafer-Head Screw
Size  
(in.)
Model  
No.
Thread 
Length 
(in.)
Fasteners  
per  
Carton6
DF/SP Allowable Loads4 SPF/HF Allowable Loads4
Code  
Ref.
Shear (100)1 Withdrawal5  
(100)
Shear (100) Withdrawal5  
(100)Wood Side Plate3 Steel Side Plate Wood Side Plate3 Steel Side Plate
1 1⁄2" 1 
3⁄4"  
SCL 16 ga
14 ga & 
12 ga
10 ga or 
Greater
Wood or Steel  
Side Plate 1 
1⁄2" 1 
3⁄4"  
SPF LVL 16 ga
14 ga &  
12 ga
10 ga or  
Greater
Wood or Steel 
Side Plate
5⁄32 x 1 1⁄4 SD8x1.258 — — — — 50 50 50 — — — 45 45 45 — 170
1⁄4 x 1 1⁄2 SDS25112 1 1500 — — 250 250 250 170 — — 180 180 180 120
I5,
L1,
F20
1⁄4 x 2 SDS25200 1 1⁄4 1300 — — 250 290 290 215 — — 180 210 210 150
1⁄4 x 2 1⁄2 SDS25212 1 1⁄2 1100 190 — 250 390 420 255 135 — 180 280 300 180
1⁄4 x 3 SDS25300 2 950 280 — 250 420 420 345 200 — 180 300 300 240
1⁄4 x 3 1⁄2 SDS25312 2 1⁄4 900 340 340 250 420 420 385 245 245 180 300 300 270
1⁄4 x 4 1⁄2 SDS25412 2 3⁄4 800 350 340 250 420 420 475 250 245 180 300 300 330
1⁄4 x 5 SDS25500 2 3⁄4 500 350 340 250 420 420 475 250 245 180 300 300 330
1⁄4 x 6 SDS25600 3 1⁄4 600 350 340 250 420 420 560 250 245 180 300 300 395
1⁄4 x 8 SDS25800 3 1⁄4 400 350 340 250 420 420 560 250 245 180 300 300 395
The 4CUT 
point reduces  
installation  
torque and  
makes driving  
easier. 
Th
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Thread Length
Length
Identification  
on all SDS 
screw heads
(1⁄4"x3" SDS  
shown)
Strong-Drive®  
1⁄4"x3" SDS HEAVY-DUTY  
CONNECTOR Screw   
U.S. Patent 6,109,850;
5,897,280; 7,101,133
Simpson Strong-Tie® Strong-Drive® SDS HEAVY-DUTY CONNECTOR Screw – Allowable Shear Values for Sole-to-Rim Connections
Size 
(in.)
Model  
No.
Sole 
Plate 
Nominal 
Size
Minimum
Penetration 
into 
Rim Board
(in.)
Allowable Loads
Code  
Ref.
2x DF/SP  
Rim Board
2x SPF/HF  
Rim Board
1 1⁄4" Minimum LVL
Rim Board
1 1⁄4" Minimum LSL
Rim Board
DF/SP 
Sole Plate
SPF/HF 
Sole Plate
DF/SP 
Sole Plate
SPF/HF 
Sole Plate
DF/SP 
Sole Plate
SPF/HF 
Sole Plate
DF/SP 
Sole Plate
SPF/HF 
Sole Plate
1⁄4 x 4 1⁄2 SDS25412 2x 2 250 190 190 190 190 190 220 190 I5,
L1,
F20
1⁄4 x 5 SDS25500 2x 2 250 190 190 190 190 190 220 190
1⁄4 x 6 SDS25600 2x or 3x 2 250 190 190 190 190 190 220 190
1. Screws may be provided with the 4CUT or Type 17 point.
2. Strong-Drive® SDS Heavy-Duty Connector screws install best with a low  
 speed 1⁄2" drill with a 3⁄8" hex head driver. 
3. Values are valid for connections between two members with full thread  
 penetration into the main member. For other wood side plate values, see  
 Fastening Systems catalog (C-F-14) pages 317-321.
4. Allowable loads are shown at the wood load duration factor of CD = 1.00.  
 Loads may be increased for load duration per the building code up to a CD = 1.60.
5. Withdrawal loads shown are in pounds (lbs.) and are based on the entire threaded  
 section installed into the main member. If thread penetration into the main member  
 is less than the Thread Length as shown in the table, reduce allowable load by  
 172 lbs. x inches of thread not in main member. Use 121 lbs./inch for SPF.
  6. Fasteners per Carton represent the quantity of screws that are available in  
  bulk packaging. Screws are also available in mini bulk and retail packs. Refer  
  to Simpson Strong-Tie® Fastening Systems catalog (C-F-14).
  7. LSL wood-to-wood applications that require 4 1⁄2", 5", 6" or 8" SDS screws are  
  limited to interior-dry use only.
  8. SD8x1.25 requires 3⁄4" minimum penetration. DO NOT USE SD8x1.25 wood  
  screws with structural connectors unless specified and stated in this catalog.
  9. Where predrilling is required for Strong-Drive® SDS Heavy-Duty Connector  
  screws, predrill diameter is 5⁄32".
10. Minimum spacing, edge, and end distance requirements are listed in  
  ICC-ES ESR-2236. For smaller requirements, please contact Simpson  
  Strong-Tie engineering.
Screw 
per table
Wood structural
sheathing fastened
per code
Sole plate per table
Rim board
per table
Minimum
penetration
Center screw 
in middle of 
rim board
Strong-Drive® SDS  
HEAVY-DUTY CONNECTOR Screw  
Sole-to-Rim Connection
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 Simpson Strong-Tie offers the Strong-Drive®  
SD Connector screw for use with our connectors. 
Designed to replace nails in certain products, the 
load-rated Strong-Drive® SD Connector screw has been 
tested and approved for use in many popular Simpson 
Strong-Tie® connectors. In certain applications screws 
are easier and more convenient to install than nails, and 
the single-fastener load values achieved by the SD9 and SD10 exceed those 
of typical 10d common or 16d common nails, respectively. In addition,  
the galvanized coating makes the Strong-Drive® SD Connector screw ideal 
for interior and most exterior conditions.
 The Strong-Drive® SD Connector screw features an optimized shank, 
specifically designed for capability with the fastener holes in Simpson 
Strong-Tie connectors. The hex head virtually eliminates cam-out and 
helps avoid stripping of the head during installation. The sharp point of the 
screw enables fast starts, and the patented serrated threads reduce torque 
for improved drivability.
FEATURES:
 • Tested and approved for use in many of our best-selling  
  connectors for both interior and most exterior applications
 • The single-fastener steel-side-plate load capacity of the SD9  
  exceeds the capacity of a 10d common nail, while the single-fastener  
  load capacity of the SD10 exceeds that of the 16d common nail
 • Ideal for use in tight spaces where using a hammer is inconvenient
 • Optimized heat-treating for ductility and strength
 • Mechanically galvanized coating meets ASTM B695 Class 55, is  
  recommended for use with certain preservative-treated woods and  
  recognized as an alternate to hot-dip galvanized in ESR-3046. It is  
  compliant with the 2006, 2009, and 2012 International Residential  
  Code® (2006 Section R319.3, 2009 and 2012 Section R317.3.1)
 • 1⁄4" hex drive included
 • Head identification
MATERIAL: Heat-treated carbon steel
FINISH: Mechanically galvanized (ASTM Class 55)
CODES: See page 12 for Code Reference Key Chart.
Product Information
Model No. Shank Size Length (in.)
SD9112R100
#9
(0.131")
1 1⁄2SD9112R500
SD9112MB
SD9212R100
2 1⁄2SD9212R500
SD9212MB
SD10112R100
#10
(0.161")
1 1⁄2SD10112R500
SD10112MB
SD10212R100
2 1⁄2SD10212R500
SD10212MB
Identification on all  
SD screw heads
(SD10212 shown)
Strong-Drive® SD10 CONNECTOR Screw  
(SD9 similar)
U.S. Patent 7,101,133
Size 
(in.)
Model  
No.
Thread  
Length  
(in.)
DF/SP Allowable Loads (100) SPF/HF Allowable Loads (100)
Code
Ref.
Shear
Withdrawal
Shear
WithdrawalSteel  Side Plate
Steel  
Side Plate
20 ga - 12 ga 20 ga - 12 ga
#9x1 1⁄2 SD9112 1 171
173
112
122 I24,  I27,  
F31,  
L5,  
L24
#9x2 1⁄2 SD9212 1 200 112
#10x1 1⁄2 SD10112 1 173
173
138
122
#10x2 1⁄2 SD10212 1 215 165
1. Withdrawal loads and steel-side-plate 
 shear loads are based on testing 
 per AC233.
2. Allowable loads are shown at the wood  
 load duration factor of CD = 1.00. Loads  
 may be increased for load duration per 
 the building code up to a CD = 1.60.
3. Withdrawal loads are based on the 
 entire threaded section installed into 
 the main member.
4. Visit www. strongtie.com for  
 wood-to-wood shear values and  
 wood-side-plate details.
These products feature additional corrosion protection.
STRONG-DRIVE® SD CONNECTOR  Screw
Fasteners & Quik Drive® Systems
• 
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Since testing of the Strong-Drive® SD Connector screw is 
ongoing, Simpson Strong-Tie continues to add connectors to 
the approved-connector list. For the most current list  
of approved connectors, load values and applications,  
visit www.strongtie.com/strongdrive.
Simpson Strong-Tie has evaluation report approval for most 
of our Strong-Drive® SD Connector screws. Check with your 
local building department to determine whether  
the correct size of Strong-Drive® SD Connector screw  
may be used as a suitable substitute for nails.
Fasteners &
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ARCHITECTURAL PRODUCTS GROUP
Architectural Products Group
BP – BEARING PLATES
SPECIAL ORDER PARTS
Bearing plates give greater bearing surface than  
standard cut washers, and help distribute the load at  
these critical connections.
MATERIAL: See table
FINISH: Textured flat black powder-coat
INSTALLATION: See General Notes.
CODES: See page 12 for Code Reference Key Chart.
Simpson Strong-Tie can make a variety of flat and bent 
steel shapes, which include gusset plates for heavy timber  
trusses, custom ornamental shapes and retaining plates.
MATERIAL: 3 gauge maximum
FINISH: Galvanized, textured powder-coated flat black,  
 Simpson Strong-Tie® gray paint, stainless steel.  
 Contact Simpson Strong-Tie for availability.
TO OBTAIN A QUOTE:
• Supply a CAD drawing in .dxf format complete  
with plate dimensions, hole diameter and locations, 
steel thickness, desired finish (Simpson Strong-Tie  
Gray Paint, Black Powder-Coat, HDG or raw steel).
• Total plate shape and size up to maximum dimensions  
of 48"x48" (approx. 1⁄16" tolerance).
• Simpson Strong-Tie does not provide product  
engineering or load values for special order plates.
• Contact Simpson Strong-Tie for pricing information.
• Refer to General Notes, note g on page 16 for  
additional information.
“W” and “H” indicate 
the envelope size of 
the steel shape.
Typical Installation
(Plate shown has black  
powder-coat)
Typical BP Installation
BP
• ARCHITECTURAL FINISHES
 Eliminate time consuming prep work and   
 costly field painting. Available finishes   
 include textured flat black powder-coat,  
 gray paint and hot-dip galvanized coating.  
• AVAILABILITY
 Select products are in stock and readily  
 available. Contact Simpson Strong-Tie for  
 product availability and lead times for  
 non-stocked items.
• PRE-ENGINEERED AND TESTED
 Load-rated products are verified to perform 
 to design loads, unlike custom designed 
 and fabricated connectors.
• QUALITY ASSURANCE
 No-Equal quality-controlled manufacturing
 ensures product consistency and high quality.
The Architectural Products Group consists  
of aesthetically pleasing, pre-finished connectors 
and innovative concealed joist ties designed for 
exposed wood applications. These connectors  
provide structural performance and, at the same 
time, add a unique appearance feature to a project. 
Refer to Simpson Strong-Tie® C-APG catalog.
Products shown in this section come with textured flat black powder-coat unless otherwise noted. Most  
are also available with a galvanized coating or gray primer. Contact Simpson Strong-Tie for availability.
www.strongtie.com/apg
Model 
No.
Thickness
(in.)
Dimensions Bolt Dia.
(in.)
Code 
Ref.W L
BP1⁄2PC 3⁄16 2 2 1⁄2
190
BP5⁄8-2PC 3⁄16 2 2 5⁄8
BP5⁄8PC 1⁄4 2 1⁄2 2 1⁄2 5⁄8
BP3⁄4PC 5⁄16 2 3⁄4 2 3⁄4 3⁄4
BP7⁄8PC 5⁄16 3 3 7⁄8
BP1PC 3⁄8 3 1⁄2 3 1⁄2 1
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APPENDIX E 
 
Competition Entry 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
National Timber Bridge Design Competition - 2016 
College or University Name: Santa Clara University  
Student Chapter (ASCE or FPS): ASCE 
Address:  
Santa Clara University Engineering School 
500 El Camino Real Santa Clara, CA 95053 
Website Address: http://www.scu.edu 
Faculty Advisor: Tracy Abbott  
Email: tabbott@scu.edu 
Phone: 408-554-5277 
Student Member in Charge of Project:  Martina Sbicca 
Email: ssbicca@scu.edu 
Phone: 619-407-0376 
 
Team Member Class Team Member Class Team Member Class 
Marie McNamara Senior  
Andrew Porter Senior 
Martina Sbicca Senior 
Hours Spent on This Project 
Students: 650 
Faculty: 20 
Cost of Materials 
Donated:$900 (estimated) 
Purchased: $1550 
Abstract (Maximum 500 Word Narrative): Explain the bridge design concept and what was done to optimize stiffness while attempting to minimize weight of the 
structure. 
Our team elected to design and build a Modified Pratt Truss, based on expected performance levels under 
various loading criteria with respect to bridge deflection. The main oblique members are 2x6 sections, with 2x4 
compression members to aid with stability as well as lateral bracing. Instead of having our interior truss members 
(2x4) frame into the main oblique sections (2x6),  we chose to span them the full length behind the oblique members 
to maximize their stiffness. This allowed for the truss to utilize the entire length of both the oblique (2x6) members 
and the interior supporting (2x4) members.  
The deck is composed of 2x4 and 2x8 longitudinal members spanning five transverse girders (2x8 and 4x8), 
which frame into the bottom chord of the trusses. All structural connections (from the joist hangers in the deck to the 
3 Ga. steel truss plates) are made of steel and galvanized for weather resistance. The choice of cables as tension 
members was primarily done for aesthetic purposes; however, the cables were expected to aid with the distribution 
of load and the reduction of deflection of the bridge as well. The cables additionally reduced the weight of the bridge, 
as they substituted vertical members that would have otherwise been timber. Our team elected to to ensure that all 
member sizes were expected to assist with loading at values close to their rated capacities. This ensured that each 
member was not disproportionately sized, and had a high utilization percentage.  
The resulting bridge is quite lean and aesthetically pleasing, with the biggest section being a 4x8, and 
placement of members optimized through various iterations on Structural Analysis programs.  
 
 
1. Loading Increment 2. Bridge 3. Beam 
LEFT 
4. Beam 
RIGHT 
5. Average 
(L & R) 
6. Gross Deck  7. Net Deck 
5 kN  2.18  2.41  1.71  2.06  3.58  1.52 
10 kN  3.96  3.96  3.07  3.59  6.68  3.09 
15 kN  5.57  5.57  4.79  5.20  8.52  3.31 
20 kN – 0 min.  7.21  7.21  6.37  6.77  9.01 
 
 2.25 
20 kN – 15 min.  7.38  7.38  6.47  6.88  9.03  2.15 
20 kN – 30 min.  7.48  7.48  6.56  6.98  9.07*  2.09* 
20 kN –45 min.  7.54  7.54  6.60  7.02  9.14*  2.12* 
20 kN – 60 min.  7.58  7.58  6.65  7.07  9.23*  2.16* 
*See Next Slide 
1. Loading Increments 
2. Bridge – As measured at midspan of the longitudinal beam receiving greatest loading. 
3. Beam L – As measured under the longitudinal beam to left of selected deck monitoring point. 
4. Beam R – As measured under the longitudinal beam to right of selected deck monitoring point. 
5. Average (L & R) – Average of 3 and 4, above. 
6. Gross Deck – As measured under the loading point expected to experience maximum deflection. 
7. Net Deck – Column 6 minus Column 5. 
 
Deck Span: 
Transverse distance between main longitudinal bridge support members measured from inside edge to inside edge = 1676 mm ÷ 
100 = 16.76 mm = maximum allowable net deck deflection. 
2. Deflection Table (Deflection – millimeters rounded to 2 decimal places) 
“Gross Deck” Gage failure 
During testing, the gross deck gage slipped out of plane from under the support (due likely to the amount of load). 
This slip occurred after the full 20kN were applied, sometime before the 15min mark. We attribute this error to the 
tricky placement of the apparatus, out of reach and not easily accessible for secure installation.  
Once the problem was noticed, the gage was reset to zero in order to detect the gradual deflection over the next 
~30min.  
Numerical adjustments were performed, as is demonstrated in the following slide. 
Trendline Adjustment  
The data collected after resetting the gage was 
then plotted to achieve a reproducible trend 
line.  
Following the line back in time, we were able 
to estimate the final deflection, as can be seen 
in the spreadsheet table. 
The values used in the final deflection report 
are highlighted in green. 
3. Materials List 
Material Item Description Weight (lb) 
Truss Members: Redwood lumber  (2x6, 2x4, 4x6, 4x8,) 347.5 
Deck Members: Redwood lumber (2x4, 2x8), plus curb (2x4 Redwood) 137.4 
Connections: LUS Simpson Strong Tie Hangers (LUS24, LUS26, LUS46) 11.5 
Truss Plates: (10) Custom galvanized fabricated truss plates   69.0 
Fasteners: Galvanized Nails, SD Screws  13.0 
Cables: Eye bolts, thimbles, and clamps 8.2 
Decking: Recycled Plastic Lumber (Veranda Composite Decking)  374.4 
  
TOTAL WEIGHT (lb)=  960.0 
Weight Non-Wood (lb)=  100.7 
Percent Non-Wood (max. 25%)=  10.5 
    
    
    
    
    
    
TOTAL WEIGHT (Kg)=  435.4 
Weight Non-Wood (Kg)  45.7 
Percent Non-Wood (max. 25%)  10.5 
4. Summary – Describe Bridge and Its Behavior Under Load 
(max. 500 words) 
Overall, our design performed extremely well in terms of both bridge and net deck deflection. The final 
bridge deflection was 7.58mm, while the final deck defection was 9.23mm. Our demand-capacity ratio was 
0.73, demonstrating adequate behavior under loading while still utilizing all members in a safe and 
effective manner.  
 
Throughout the course of loading we noticed significant inward bowing of the truss members when loading 
in increments of 5kN. However, we noticed no additional bowing after the loading reached 15kN.  
 
Overall, our team was very satisfied with the results and the structural integrity of all members remained 
intact throughout loading. The loading of our bridge proved to be quite successful. 
 
 
Side Drawing (insert below) 
End Drawing (insert below) 
Trimetric Drawing (from above) 
Trimetric Drawing (from below) 
Drawing Clearly Showing Location of Loading and Deflection Gage Points in Relation to Longitudinal Members (insert below) 
NOTE: Repeat slide if loading set-up was moved to measure deck deflection. 
Drawing Clearly Showing Location of Loading and Deflection Gage Points in Relation to Transverse Members (insert below) 
NOTE: Repeat slide if loading set-up was moved to measure deck deflection. 
PHOTO Showing SIDE View of Loading Setup for Measuring Bridge Deflection (insert below) 
NOTE: Repeat slide if loading set-up was moved to measure deck deflection. 
PHOTO Showing END View of Loading Setup for Measuring Bridge Deflection (insert below) 
NOTE: Repeat slide if loading set-up was moved to measure deck deflection. 
End Photo of Finished Bridge 
Side Photo of Finished Bridge 
. 
 
Trimetric Photo of Finished Bridge 
Team Photo (with bridge in the foreground, where possible) 
Briefly describe each bridge component, as applicable. 
Stringers/Girders 2x8 and 4x8 Redwood members 
Deck Recycled Plastic Lumber (Veranda Composite Decking)  
Floor Beams (16) 2x4 and (4) 2x8 Redwood Green-Treated members  
Truss  4x6 Top Chord, (2) 4x8 Bottom Chord, (4) 2x6 main oblique members with (4) 2x4 Braces 
Unique Components Face Mounted 3Ga Truss Plates, connected with SD Screws 
Cables  (6) 3/16” Galvanized Steel Cables connected to truss with eyebolts. Serve as vertical members.  
Connections  LUS Hangers ( LUS24, LUS26, LUS46)  
6. Bridge Component Details 
7. Preservative Treatment: Describe the preservative treatment applied to all wood members.  Include 
type and concentrations.  Also, include a short statement of why this treatment was selected.  Did the 
treatment requirement present any special problems?  If yes, provide details. If treatment was not 
selected, explain why. 
Our team decided to select Redwood for our members due to its natural resistance to weathering and 
corrosion. We did not apply any additional treatment to the redwood because the final location of our 
bridge will be in a public park under the jurisdiction of the city of Santa Clara, which has extremely strict 
guidelines in terms of the type and amount of preservative treatment that can be applied. Ultimately,  
were concerned complying with their code, as well as ensuring a long life for the structure.  
 
8. Special Considerations –Indicate the End Use of Your Bridge 
Our intention for the bridge was to have a useful life beyond the competition. In the 
beginning of the design phase we contacted the Santa Clara Parks association in order 
to inquire about donating the bridge and how such a donation might affect our design.  
After coordination, both parties (student team and SC Parks Association) mutually 
agreed to a donation.  
The bridge will be used by the parks association and implemented in any location under 
their jurisdiction. For this reason, we took steps during the material selection phase to 
ensure adequate treatment and choice of durable decking (hence the selection of 
composite decking).  
 
9. Summarize the Team’s Experience from Participation in this Competition.  Was 
it beneficial? What steps would you recommend to improve the experience? 
 
Overall, our team really enjoyed participating in the National Timber Bridge Design Competition. Our group 
received a lot of positive feedback and guidance from faculty, professionals, and fellow students, and ultimately 
found it truly rewarding to produce a tangible finished product. This project proved to be very beneficial and a great 
learning experience. Our team  was exposed to all aspects of a structural engineering project: an iterative design 
process, procurement coordination, and construction challenges. This project also afforded us the chance to 
interact with a real world application of Civil Engineering. 
 
It was extremely beneficial to start early.  Finding a team sponsor such as Simpson Strong Tie was crucial for 
our success. Simpson Strong Tie was offered us advice on connection design and was also gracious enough to 
make a very generous donation. It was also very beneficial to start planning with faculty early, allowing us to have 
space in the lab to work and construct our bridge. One aspect that could have used some adjustment after seeing 
our bridge built was the stability of the truss.  Our team would have considered alternative supporting mechanisms 
to improve lateral stability of the top truss members. In addition to this, a 1/4 scale mockup would have also been 
very beneficial with respect to the constructability of the bridge. There were a few hurdles such as installing the 
hangers that could have been more systematically installed with ulterior practice. 
 
Photo of Bridge Weighing 
 
One photo of each deflection gauge at full loading, with identification sign indicating DECK,  BEAM LEFT,  BEAM 
RIGHT,  BRIDGE. 
Gauge  Deck  
Add as many photos as you wish showing the bridge construction process.  Especially consider photos of internal 
structural components that may not be visible to judges from observing the finished bridge. 


2016 NATIONAL TIMBER BRIDGE DESIGN COMPETITION
Summary of Results
To view individual entries, click on the team name below.
School/ Team
Net Bridge
Deflection1
-% of allowable
Net Deck
Deflection2
- % of allowable
Total
Bridge
Weight
-kg-
Percent
Non-Wood
(%)3
%
Best
Overall
Design
Best Support
Structure
Best
Deck
Most
Practical
Design
Most
Aesthetic
Design
Most
Innovative
Design
State Univ. New
York, Envir.
Science &Forestry
- FPS 81.8 48.8 410 3.37 5 4 6 5 6 3
San Francisco
State University
Team 1 - ASCE
226 -
failed**
Exceeded 100% 24.6 970 2.72 7 -- 7 7 4 7
San Francisco
State University
Team 2 - ASCE
228 -
failed**
Exceeded 100% 20.1 1138 18.93 6 -- 3 4 3 6
Santa Clara
University
ASCE 75.8 12.9 435 10.5 1 3 1 2 1 2
Temple University
ASCE 61.3 51.8 364 0.99 3 1 5 1 7 4
University of
Kansas
ASCE 93.7 23.0 496 8.71 2 5 2 6 2 1
Lawrence
Technological
Univ.
ASCE 4.1 2.0 442 7.4 4 2 4 3 5 5
This competition is open to all ASCE and FPS Student Chapters at univerities and college across the U.S. and Canada. 2016 was the 24th year of this event.
1 - Maximum Allowed = Bridge Span ÷ 400                        2Maximum Allowed = deck span ÷ 100                         3 Maximum allowed = 25%
ASCE - American Society of Civil Engineers                        FPS - Forest Products Society
Corporate Sponsor: Bell Structural Solutions (Minnesota), a division of Bell Lumber & Pole Company
** Deflection exceeded allowable, as required by Rules.
©2016 Mississippi Association of Resource Conservation and Development Councils.
Report errors to: Keith Mazer.
Southwest Mississippi RC&D Council http://www.msrcd.org/timberbridge/TB-RESULT-16.asp
1 of 1 5/31/2016 8:39 PM
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Annotated Bibliography 
 
(i)  AASHTO LRFD Guide Specifications for the Design of Pedestrian Bridges 
Brown, L.L. & members, AASHTO. (2009). “AASHTO LRFD Guide Specifications for the 
Design of Pedestrian Bridges.” 7th Edition, 1-28 
This publication was issued in 2009 by AASHTO (American Associations of State 
Highway and Transportation Officials), a regulatory agency that publishes all the guidelines and 
protocols for transit systems in the United States. It is currently used as the primary national 
standard for the construction of pedestrian bridges, as it provides users with all loading 
specifications, design details, numerous regulations on bridge dimensions, and examples of 
bridge design analyses. The requirements in the document are set to ensure that the structural 
members used in the design of the bridge meet official safety and serviceability standards, as 
well as design life specifications.  
This publication is a great resource for any engineering team who wishes to construct a 
bridge that will be implemented in a public environment, as the design process can be guided by 
this publication towards a design that will be accepted by a targeted municipality. There are other 
specific codes and regulations pertaining to the design of bridges that each county may choose to 
adopt in addition to the AASHTO LRFD guide, however the latter is the baseline for design, and 
an overall code to be referenced no matter where construction may be occurring.  
Due the aforementioned importance of complying with the codes specified by AASHTO 
(a national association and collection of standards), this publication will be utilized by our team 
throughout the entirety of the project as a design code reference for conducting all necessary 
strength calculations. The team has utilized the source in the past in a couple of engineering 
courses. It is readily available on the official AASHTO website. 
 
 
 
 
 
 
 
 
	
	
(ii)  NSI/AWC NDS-2012 National Design Specification (NDS) for Wood Construction 
Members, AWC. (2012). “NDS for Wood Construction”. American National Standards Institute, 
Edition 2012, 1-282 
Every three years, the American Wood Council provides wood design and construction 
information to assist engineers and building professionals in the design of timber structures. 
Similarly to the AASHTO LRFD Guide for Design of Pedestrian Bridges, the NDS (National 
Design Specification) is the primary resource for timber design, including (but not limited to) 
bridges, buildings, etc.  The data provided is an assortment of both traditional code and new 
developmental research results, compiled in a general manual with a series of supplements. The 
manual contains all member details and wood type information that would be needed in 
construction, as well as all the formulas and safety factors to be applied during design. Although 
there are no examples of design (as there were in the AASHTO guide), all the information in the 
NDS is extremely clear and relatively easy to comprehend, due also to the predictable nature of 
timber as a building material. The majority of the manual is organized in a tabular format, 
facilitating the choice of member dimensions and wood types.  
This document will be critical in the project’s design phase, as there is no other national 
standard for wood design; all design criteria and section details will be extracted from the NDS. 
The manual will be used concurrently with formulas and guidelines provided by the instructor of 
the Timber Design course (CENG 133) which was taken by one of the team members. The NDS 
was acquired by the team from the School of Engineering as part of aforementioned course.  
 
 
 
 
 
 
 
 
 
 
 
	
	
(iii) Recycled-Plastic Lumber Standards: From Waste Plastics to Markets for Plastic Lumber 
Bridges 
Krishnaswamy, P., & Lampo, R. (2001). “Recycled-Plastic Lumber Standards: From Waste 
Plastics to Markets for Plastic Lumber Bridges.” Standardization News, 1-12. 
 
This article won first place for the “World Standards Day” Paper Competition organized 
by the Society for Standards Professionals (SES). The stated goal of the paper was to 
demonstrate the integral link between the development of standards for a building material and 
its ultimate social and environmental impact. The case study used by the authors was the 
structural use of Recycled Plastic Lumber (RPL), a new sustainable building material comprised 
largely of post-consumer waste plastics from landfills. Due to the effective collaboration of 
technology advancement and new standards development, RPL was adopted by the light 
construction industry fairly quickly. The paper analyzes six different structures (two of which are 
pedestrian bridges) made entirely of RPL, and also provides lists of ASTM-approved testing 
procedures, as well as sources for detailing specifications. 
Sustainability is a significant component of most Senior Design projects at Santa Clara 
University; utilizing RPL in our bridge design would thus address the issue of limiting the 
environmental impact of our chosen project. Because the authors of this paper are pioneers of 
this innovative material, and due to their collaboration with ASTM (American Society for 
Testing and Materials), their writing is the most detailed and reliable, and will thus be an 
important resource when designing with RPL. Unfortunately, national regulatory agencies such 
as AASHTO and industry manuals such as NDS have not (yet) adopted this green material, so 
our team must limit the use of RPL in the bridge to a non-structural component such as the 
decking, given the lack of quantitative standards and guidelines to follow. The source was found 
on the SES (Society for Standards Professionals) website. 
 
 
 
 
 
 
 
	
	
Literature Review 
The senior design project that our team has decided to work on comprises primarily of 
the participation in a National Timber Bridge Design Competition taking place in April, thus 
most of the design will be catered to the rules and regulations imposed by the organizing entities 
of the competition. However, because the capstone requirements for engineers encompass many 
more aspects of a project that fall outside of the competition’s scope (such as sustainability, 
community need, etc.), the team will strive to design and construct a timber bridge that will not 
only comply with competition rules, but also address the issues that characterize a Senior Design 
Project at Santa Clara University.  
The essay regarding the enhanced role of RPL (Recycled Plastic Lumber) in light 
construction will be the foundational source of information for incorporating sustainability into 
our design. Because the material is still in the experimental stages in terms of use in structural 
members (and may thus inhibit our chances of donating the bridge to a municipality), the 
intention is to us RPL in as many non-structural members as possible, such as the decking and 
possibly the railings. RPL is also naturally weatherproof, eliminating the need for pressure-
treatment, a process which is not only often detrimental to the environment, but also relatively 
difficult to execute as each city or state requires different treatments. 
Lastly, AASHTO and NDS will be the technical support references to be heavily utilized 
throughout the entirety of the project. AASHTO’s LRFD Guide Specifications for Design of 
Pedestrian Bridges will be the reference for the demand of design, while the NDS manuals will 
provide the capacity of our design. 
 
 
